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This study was carried out to assess and evaluate the effect of Bacillus 
metabolites on Anopheles arabiensis mosquito larvae as well as to demonstrate 
the specific sites for reception of the toxin in mosquitoes. Anopheles arabiensis 
was reared under standard insectary conditions at 28ºC, 80% humidity and 
24hours, light period to ensure large population of larvae to use it in this work. 
Samples were obtained from mid-gut of mosquito and subjected to 
bacteriological examination. Bacillus species were isolated and identified. The 
isolates showed diverse morphological and biochemical properties among the 
species and strains belonging to the same species. Further biochemical test 
showed that the isolates were Bacillus thuringiensis, B. sphaericus, B. larvae, 
 B. popilliae, B .lentimobus, B. lentus, B. cereus, B. polymyxa, B. firmus,  
B. megaterium, B. circulans, B. laterosporus, B. brevis, B. badius,  
B. pantothenticus, B. coagulans,  B. alvei and B. mycoides. 
Test for larvicidal activity of their metabolites against Anopheles mosquito 
larvae produced 75%-100% mortality rate by 3-5 ml of the products. The 
Bacillus spore-crystal mixture of 50-150 µl applied to An. arabiensis larvae 
caused 80%-100% mortality. The effect of physical factors, such as pH, UV 
light and temperature, on the larvicidal toxicity was tested using An. arabiensis 
mosquito larvae in the laboratory. The spore-crystal mixture was subjected to 
amino acid analysis. The data of analysis seemed to be similar, but not identical 
in all Bacillus species. SDS-PAGE profile of Bacillus metabolites, Bacillus 
spore-crystal mixture and infected and healthy mid-gut of mosquito larvae 
demonstrated significant differences in protein composition. Randomly 
amplified polymorphic DNA (RAPD) was used to discriminate species of 
Bacillus. An 838bp, 643bp was identified. A phylogenetic tree generated from 
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RAPD patterns of the three strains showed that they could be grouped into two 
major clusters (a  ) and (b) according to genetic similarity in their RAPD profiles. 
A polyclonal antibody of Bacillus species was produced in white rabbits and 
confirmed by Ouchterlony double diffusion technique. The research achieved 
the location of sites of receptors on the mid-gut of mosquito larvae which were 
detected by direct and indirect immunofluorescence. The toxin of Bacillus was 
safe on rats when orally applied. 
 
 




هﺪﻓﺖ هﺬﻩ اﻟﺪراﺳﺔ اﻟﻰ اﺧﺘﺒﺎر ﻣﺪى ﻓﺎﻋﻠﻴﺔ ﺗﺄﺛﻴﺮ اﻟﻨﻮاﺗﺞ اﻷﻳﻀﻴﺔ ﻟﺒﻜﺘﺮﻳﺎ اﻟُﻌﺼﻴﺎت ﻋﻠﻰ ﻳﺮﻗﺎت ﺑﻌﻮض 
ﺗﻤﺖ ﺗﺮﺑﻴﺔ .اﻷﻧﻮﻓﻠﻴﺲ اﻟﻌﺮﺑﻲ و آﺬﻟﻚ اﻟﺘﻌﺮف ﻋﻠﻰ اﻟﻤﻮاﻗﻊ اﻟﻤﺤﺪدة ﻟﻤﺴﺘﻘﺒﻼت اﻟﺴﻤﻮم ﻓﻲ اﻟﺒﻌﻮض
 وم ° 82رة ﺑﻌﻮض اﻷﻧﻮﻓﻠﻴﺲ اﻟﻌﺮﺑﻲ ﻓﻲ ﻣﻌﻤﻞ ﺗﺮﺑﻴﺔ اﻟﺤﺸﺮات ﺗﺤﺖ اﻟﻈﺮوف اﻟﻘﻴﺎﺳﻴﺔ ﻓﻲ درﺟﺔ ﺣﺮا
ﺳﺎﻋﺔ و ذﻟﻚ ﻟﻀﻤﺎن اﻟﺤﺼﻮل ﻋﻠﻰ أﻋﺪاد آﺒﻴﺮة ﻣﻦ اﻟﻴﺮﻗﺎت 42و ﻓﺘﺮا ت اﺿﺎءة % 08رﻃﻮﺑﺔ 
ُأﺧِﻀﻌﺖ ﻟﻼﺧﺘﺒﺎرات وُﺟِﻤﻌﺖ اﻟﻌﻴﻨﺎت ﻣﻦ ﻣﻨﺘﺼﻒ أﻣﻌﺎء اﻟﺒﻌﻮض . ﻻﺳﺘﺨﺪاﻣﻬﺎ ﻓﻲ اﻟﺪراﺳﺔ
ﻋﺰﻟﺖ وﻋﺮﻓﺖ أﻧﻮاع اﻟﻌﺼﻴﺎت ، أﻇﻬﺮت اﻟﻤﻌﺰوﻻت ﺗﻨﻮﻋﺎ ﻓﻲ اﻷﺷﻜﺎل واﻟﺨﺼﺎﺋﺺ .اﻟﺒﻜﺘﺮﻳﻮﻟﻮﺟﻴﺔ
ُأﺧِﻀﻌﺖ اﻟُﻌﺼﻴﺎت اﻟﻤﻌﺰوﻟﺔ ﻟﻤﺰﻳﺪ ﻣﻦ . ﺑﻴﻦ اﻷﻧﻮاع وﺑﻴﻦ اﻟﻌﺘﺮات اﻟﺘﻲ ﺗﻨﺘﻤﻲ ﻟﻨﻔﺲ اﻟﻨﻮعﻮآﻴﻤﻴﺎﺋﻴﺔ اﻟﺒﻴ
  :اﻻﺧﺘﺒﺎرات اﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴﺔ و ُوِﺟﺪت آﺎﻵﺗﻲ
اﻟﻌﺼﻴﺎت اﻟﺜﺮﻧﺠﻨﺴﻴﺔ، اﻟﻌﺼﻴﺎت اﻟﻜﺮوﻳﺔ، اﻟﻌﺼﻴﺎت اﻟﻴﺮﻗﻴﺔ، اﻟﻌﺼﻴﺎت اﻟﺨﻨﻔﺴﺎﺋﻴﺔ، اﻟﻌﺼﻴﺎت 
اﻟﻌﺼﻴﺎت اﻟﺸﻤﻌﻴﺔ، اﻟﻌﺼﻴﺎت اﻟﺒﻮﻟﻴﻤﻴﻜﺴﻴﺔ، اﻟﻌﺼﻴﺎت اﻟﺼﻠﺒﺔ، اﻟﻠﻴﻨﺘﻴﻤﻮرﺑﺴﻴﺔ،  اﻟﻌﺼﻴﺎت اﻟﺒﻄﻴﺌﺔ، 
اﻟﻌﺼﻴﺎت اﻟﻤﻴﺠﻴﺘﻴﺮﻣﻴﺔ، اﻟﻌﺼﻴﺎت اﻟﺪاﺋﺮﻳﺔ،  اﻟﻌﺼﻴﺎت اﻷﺑﻮاغ اﻟﺠﺎﻧﺒﻴﺔ،  اﻟﻌﺼﻴﺎت اﻟﻘﺼﻴﺮة، اﻟﻌﺼﻴﺎت 
  .اﻟﺒﺎدﻳﺰﻳﺔ،  اﻟﻌﺼﻴﺎت اﻟﺒﺎﻧﺘﻮﺛﻨﺘﻴﻜﻴﺔ، اﻟﻌﺼﻴﺎت اﻟﻤﺨﺜﺮة، اﻟﻌﺼﻴﺎت ﺧﻠﻴﺔ اﻟﻨﺤﻞ ،اﻟﻌﺼﻴﺎت اﻟﻔﻄﺮﻳﺔ
%  001 – %57ﺗﻞ ﻟﻠﻴﺮﻗﺎت ﺑﺎﺳﺘﺨﺪام اﻟﻤﺴﺘﻘﻠﺐ اﻷﻳﻀﻲ اﻟﻌﺎﻟﻖ و آﺎﻧﺖ ﻧﺘﻴﺠﺔ اﻟﻤﻮت اﺧﺘﺒﺮ اﻟﻨﺸﺎط اﻟﻘﺎ 
أﻋﻄﻰ ﺧﻠﻴﻂ اﻷﺑﻮاغ و اﻟﺒﻠﻮرات ﻧﺸﺎﻃًﺎ ﻗﺎﺗًﻼ  .ﻣﻠﻴﻠﻴﺘﺮ ﻣﻦ اﻟﻤﺴﺘﻘﻠﺐ اﻷﻳﻀﻲ 5 – 3و ذﻟﻚ ﺑﺎﺳﺘﻌﻤﺎل  
 – 05ﺑﺎﺳﺘﻌﻤﺎل ﺟﺮﻋﺎت %  001و % 08ﻣﺎ ﺑﻴﻦ  ﺖﺿﺪ ﻳﺮﻗﺎت ﺑﻌﻮض اﻷﻧﻮﻓﻠﻴﺲ ﺑﻨﺴﺒﺔ ﻣﻮت ﺗﺮاوﺣ
ﻟﻢ ُﺗﻈﻬﺮ اﻟﺘﻐﻴﺮات ﻓﻲ اﻟﻌﻮاﻣﻞ اﻟﻔﻴﺰﻳﺎﺋﻴﺔ ﻣﺜﻞ اﻷس اﻟﻬﻴﺪروﺟﻴﻨﻲ  و اﻷﺷﻌﺔ ﻓﻮق . وﻟﻴﺘﺮﻣﺎﻳﻜﺮ 051
أﺧﻀﻊ ﺧﻠﻴﻂ اﻷﺑﻮاغ .اﻟﺒﻨﻔﺴﺠﻴﺔ و درﺟﺎت اﻟﺤﺮارة أي ﺗﺄﺛﻴﺮ ﻋﻠﻰ ﻓﺎﻋﻠﻴﺔ اﻟﺴﻢ ﻋﻨﺪ اﺧﺘﺒﺎرهﺎ ﻣﻌﻤﻠﻴًﺎ
وﻟﻜﻨﻬﺎ  ﻴﺎتواﻟﺒﻠﻮرات ﻟﺘﺤﻠﻴﻞ اﻷﺣﻤﺎض اﻷﻣﻴﻨﻴﺔ، وأوﺿﺢ  اﻟﺘﺤﻠﻴﻞ ﺑﺄن هﻨﺎك ﺗﺸﺎﺑﻬَﺎ ﺑﻴﻦ آﻞ أﻧﻮاع اﻟﻌﺼ
اﺳﺘﻌﻤﻠﺖ ﻃﺮﻳﻘﺔ اﻟﻔﺼﻞ اﻟﻜﻬﺮﺑﺎﺋﻲ ﻟﻬﻼم آﺒﺮﻳﺘﺎت دودﺳﻴﻞ اﻟﺼﻮدﻳﻮم ﻣﺘﻌﺪد اﻷآﺮﻳﻼﻣﻴﺪ  .ﻏﻴﺮ ﻣﺘﻄﺎﺑﻘﻪ
ﻟﻜٍﻞ ﻣﻦ ﻣﺴﺘﻘﻠﺒﺎت اﻟﻌﺼﻴﺎت وﺧﻠﻴﻂ اﻷﺑﻮاغ واﻟﺒﻠﻮرات واﻟﻤﻌﻲ اﻟﻤﺘﻮﺳﻂ ﻟﻴﺮﻗﺎت ﺑﻌﻮض اﻷﻧﻮﻓﻠﻴﺲ 
ِﺪﻣﺖ اﻟُﻌﺼﻴﺎت ﻻﻧﺘﺎج اﺳُﺘﺨ. اﻟﺴﻠﻴﻤﻪ واﻟﻤﺼﺎﺑﻪ ،ﺣﻴﺚ أﻇﻬﺮت إﺧﺘﻼﻓﺎت ﻣﻌﻨﻮﻳﻪ ﻓﻲ ﺗﻜﻮﻳﻦ اﻟﺒﺮوﺗﻴﻦ
. اﻷﺟﺴﺎم اﻟﻤﻀﺎدة ﺑﺤﻘﻨﻬﺎ ﻓﻲ اﻷراﻧﺐ و ﺗﺄآﻴﺪ وﺟﻮدهﺎ ﺑﺎﺳﺘﺨﺪام ﺗﻘﻨﻴﺔ اﻻﻧﺘﺸﺎر اﻟﻤﻨﺎﻋﻲ ﻓﻲ اﻷﺟﺎر
ﺗﻔﺎﻋﻞ اﻟﺒﻠﻤﺮة اﻟﻤﺘﺴﻠﺴﻞ -ﻃُﻠﺒﱢﻘﺖ ﺗﻘﻨﻴﺔ اﻷﺣﻴﺎء اﻟﺠﺰﻳﺌﻴﺔ اﻟﺒﻨﺎء اﻟﻌﺸﻮاﺋﻲ ﻟﻠﻤﺎدة اﻟﻮراﺛﻴﺔ ﻣﺘﻌﺪدة اﻷﺷﻜﺎل
 346،  838ﻣﻦ أزواج اﻟﻘﻮاﻋﺪ اﻟﻨﻴﺘﺮوﺟﻴﻨﻴﺔ  وﺗﻢ اﻟﺘﻌﺮف ﻋﻠﻰ اﺛﻨﻴﻦ.وذﻟﻚ ﻟﺘﻤﻴﻴﺰ اﻟُﻌﺼﻴﺎت
أﻇﻬﺮت ﺷﺠﺮة اﻟﻨﺸﻮء و اﻹرﺗﻘﺎء اﻟﻤﺴﺘﺤﺪﺛﻪ ﻣﻦ أﻧﻤﺎط اﻟﺒﻨﺎء اﻟﻌﺸﻮاﺋﻲ ﻟﻠﻤﺎدة اﻟﻮراﺛﻴﺔ ﻣﺘﻌﺪدة .زوج
ﺑﻨﺎًءا ﻋﻠﻰ اﻟﺘﺸﺎﺑﻪ اﻟﻮراﺛﻲ (. ب)و ( أ)اﻷﺷﻜﺎل ﻟﻠﻌﺘﺮات اﻟﺜﻼث اﻧﻪ ﻳﻤﻜﻦ ﺟﻤﻌﻬﺎ ﻓﻲ آﺘﻠﺘﻴﻦ رﺋﻴﺴﻴﺘﻴﻦ 
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ﺗﻔﺎﻋﻞ اﻟﺒﻠﻤﺮة اﻟﻤﺘﺴﻠﺴﻞ  ُوِﺿﻌﺖ ﻋﺘﺮﺗﺎن ﻣﻦ -ﻟﻮراﺛﻴﺔ ﻣﺘﻌﺪدة اﻷﺷﻜﺎلﻟﻨﻤﻂ اﻟﺒﻨﺎء اﻟﻌﺸﻮاﺋﻲ ﻟﻠﻤﺎدة ا
ﺣﻘﻖ اﻟﺒﺤﺚ أﻣﺎآﻦ ﻣﻮاﻗﻊ اﻟﻤﺴﺘﻘﺒﻼت ﻋﻠﻰ أﻣﻌﺎء ﻳﺮﻗﺎت اﻟﺒﻌﻮض و (. أ)اﻟﻌﺼﻴﺎت اﻟﺜﻴﺮﻧﺠﻨﺴﻴﺔ ﻓﻲ اﻟﻜﺘﻠﺔ 
ُوِﺟﺪ أن ﺳﻢ اﻟُﻌﺼﻴﺎت ﺁﻣﻦ ﻋﻠﻰ . اﻟﺘﻲ ُآِﺸﻒ ﻋﻨﻬﺎ ﺑﺎﺳﺘﺨﺪام ﺗﻘﻨﻴﺔ اﻟﺘﺄﻟﻖ اﻟﻤﻨﺎﻋﻲ اﻟﻤﺒﺎﺷﺮ و ﻏﻴﺮ اﻟﻤﺒﺎﺷﺮ
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Malaria is a mosquito-borne protozoal disease that is endemic throughout 
most of the tropical and sub-tropical countries, particularly in Africa South of 
Sahara, South-East Asia and the forest fringe zones in South America. The 
disease passed on to humans by mosquitoes, and is present in over 100 countries 
(WHO, 2001). 
The World Health Organization (WHO, 2006) estimates that globally, 
round 350-500 million clinical malaria episodes occur annually.Estimates show 
that nearly 60% of the cases of clinical malaria and over 90% of the deaths, round 
1 million (ranging from 700,000 to 1.3 million) attributable to malaria occur in 
Africa South of Sahara.The majority (75%) of the deaths are among children 
aged 5 years or below (WHO, 2006). 
Malaria spreads by the female of the Anopheles species of mosquito. 
Human are generally host to four species of malaria parasites: Plasmodium 
falciparum, P.vivax, P.ovale and P.malariae.Plasmodium falciparum causes the 
most dangerous complications, such as cerebral malaria. It is the species that is 
most virulent and potentially lethal to humans (WHO, 1999). Most of species of 
mosquito can carry viral diseases, yellow fever, dengue, epidemic polyarthritis, 
encephalitis, Rift valley fever and West Nile virus (Kettle, 1995). 
Malaria in Sudan was a major public problem. The country was hit by an 
estimated 50% of all cases in the WHO’ Eastern Mediterranaen Regional survey 
with an estimated 7.5 million cases resulting in 35.000 deaths per year (United 






According to the WHO, over 70% of the Sudanese population living in 
endemic areas are at risk of malaria (WHO, 2008).The disease accounts for one–
fifth of all hospital deaths. According to the Malaria Indicator Survey (MIS) in 
October 2005 the prevalence of malaria among children under the age of 5 years, 
ranged between 0.4-15,5% and between 3.7-10.3% for pregnant women. In the 
southern Sudan, malaria is hyper-endemic where 24-36% of individuals are 
affected. Transmission occurs all year round in the south, and is more seasonal in 
the northern states (WHO, 2008). 
Using of chemical agents in the control of insects responsible for both the 
transmission of disease and for destruction of crops (WHO, 1984). 
The use of chemical insecticides has been greatly impeded due to development of 
physiological resistance in the vectors, environmental population resulting in bio-
amplification of food chain contamination and harmful effects on beneficial non-
target animals.  
More number of bio control agents was screened for their efficacy, 
mammalian safety and environmental impact. They are: viruses, fungi, bacteria, 
protozoa, nematodes, invertebrate predators and fish (Poopathi and Tyagi, 2004). 
Attention has, therefore, turned to more environmentally friendly 
insecticides and, in particular, to microbial agents able to control mosquito 
populations (Pauchet et al., 2005). Among various pathogens, the bacterium 
Bacillus thuringiensis H-14 and Bacillus sphaericus produce proteins that are 
toxic to mosquito and black flies larvae. The target site of the toxins is larval mid-
gut cells, which is, in the presence of the toxin, undergo degradation and lysis, 
larvae undergo tremors, become sluggish, and eventually die (Rodcharoen and 
Mulla, 1994). Since discovery of B. thuringiensis H-14 in 1977, it had a potent 
control against mosquito and black flies larvae in the laboratory and field 
conditions (Goldberg and Margalit, 1977; Margalit and Deam, 1985; Ramoska et 




Gharib and Hilsenhoff, 1988 and becker and Ludwing, 1993). So far there are no 
reports of resistance to B.t.i in field condition in mosquitoes.  
The objective of the present study was: 
1- To isolate different species of Bacillus genus in search of a potent toxin 
producer against larvae of Anopheles arabiensis. 
2- Detection of sites for receptor of the toxins produced by candidate bacilli and 
the effect of the toxin of such sites in the larvae gut. 





















1.1 Importance of mosquitoes: 
Mosquito adults are small, flying, midge like insects. Female mosquitoes 
can be differentiated from similar insects by the presence of along slender 
proboscis that is adopted for piercing skin and sucking blood, and long slender 
wings that are covered with small scales. Male mosquitoes have scale-covered 
wings, but their proboscis, or beaks, are shorter and thicker than the females, and 
are adapted for sucking plant juices and other sources of sugar rather than blood 
(Bruce, 1998). 
Size varies but is rarely greater than 15 mm (0.6 inch). Mosquitoes weigh 
only about 2 -2.5 mg (0.03-0.04 grain). They can fly at about 1.5-2.5 Km/h (0.9 -
1.6 mph) and most species are nocturnal. 
1.2 Scientific classification: 
Kingdom:   Animalia 
Phylum:      Arthropoda 
Class:           Insecta 
Order:          Diptera 
Sub- order:  Eudiptera 
Family:         Culicidae 
Sub- family:  Anophelinae 




Mosquitoes are insects of worldwide distribution, which ranges from the 
Artic to tropical rainy forests. Some of them breed only in salty water, others only 
in fresh water. They are usually most numerous in coastal countries. Most female 
mosquitoes prefer warm blooded animals, including man, birds and livestock, 
although some species prefer feeding amphibians and reptiles (Campbell et al., 
1996). 
1.3 Mosquito, very important disease vector: 
Malaria, dengue and west Nile fever are currently the most mentioned 
mosquito-borne diseases. An estimated 1.2 billion clinical attacks of malaria 
occur each year in Africa. According to the latest consensus of scientists and 
health workers, malaria kills up to 2.7 million persons each year. Ninety percent 
of these cases and deaths occur in Africa, and a large portion of them involves 
children under the age of five (Campbell et al.,1996).  
Murphy and Breman (2001) estimated that up to 1.7 million African 
children died yearly due to malaria- linked illnesses. Meanwhile, it is estimated 
that about 50-100 million dengue fever cases occurred annually, including a few 
hundred thousand cases of the life threatening from (dengue haemorrhagic fever. 
West Nile virus although did not cause as much mortality as malaria or dengue, is 
re-emerging in Europe and is spreading fast in North America (Campbell et 
al.,1996). 
1.3.1 Mosquitoes as vector of Malaria: 
Malaria is one of the most prevalent and dangerous diseases known to man. 
The causative agents of malaria are Plasmodium species (Phylum: Apicomplexa, 
class: sporozoa). Four species of plasmodium are identified, Plasmodium 
falciparum, P.vivax, P. malariae, and P. ovalae. Plasmodium falciparum is the 
causative agent of tropical malaria and accounts for more than 90% of mortality 




 1.3.2 Mosquitoes as vectors of filarial worm: 
Lymphatic filariasis is rarely lethal, but it causes prevalent persistent 
suffering, disability, and social stigma. It can lead to monstrous swollen limbs 
known as elephantiasis. In tropical and subtropical areas where lymphatic 
filariasis is prevalent, the occurrence of infection is continuing to increase. This 
disease is endemic in over 80 countries in Africa, Asia, South and Central 
America and Pacific Islands (Anonymous, 1999)  
The causative agents are parasitic nematode worms of the family Filaridae. 
The three most important human filarioid species are: Wuchereria bancrofti, 
Brugia malayi, and Brugia timori. Culex quinquefasciatus mosquitoes and some 
species of Anopheles are the main vectors of W.bancrofti parasites. 
Transmissions of Brugia parasites are largely by Mansonia mosquitoes 
(Anonymous, 1999). 
1.3.3 Mosquitoes as vectors of viruses: 
Mosquitoes were first linked to animal viruses with the discovery of the 
transmission of yellow fever by Aedes aegypti in 1900.Mosquito-borne viruses 
(arboviruses) known in 1969 are more than 200, of which, about 80, are 
transmitted by mosquitoes. But the information could be scattered throughout the 
world without much organization, thus unavailable to be the general public 
(Mattingly, 1969). 
1.4 Malaria disease: 
Malaria is one of the most common infectious diseases and an enormous 
public-health problem. It has existed for countries affecting a myriad of people in 
the tropical regions. The term malaria originates from Medieval Italian: mala aria 
— "bad air"; because people in earlier times believed that the disease was cause 




formerly called ague or marsh fever due to its association with swamps 
(Garnham,1966).  
Almost half of the world’s population is at risk of catching malaria. 
Malaria is a mosquito-borne protozoal disease that is endemic throughout most of 
the tropical and semi-tropical regions of the world (Garnham, 1966). 
1.5 Control of mosquitoes: 
The use of chemical pesticides such as dichloro diphenyl trichloroethan 
(DDT), gammaxane, malathion and chlordane have been the methods of choice 
for mosquito control. In addition, the emergence of pesticide and drug resistant 
mosquitoes, coupled with a clearer appreciation of the long-term detrimental 
effects of powerful chemicals to non pest insects and concern about accumulation 
of pesticides in the food chain and environments, have highlighted the need to 
develop an alternative urgently. A promising alternative is biological control 
(Poopathi and Tyagi ,2004).  
There are many naturally occurring predators, parasites, and pathogens of 
vector insects including viruses, rickettesiae, fungi and bacteria, which vary 
greatly in their mode of infection, site of replication and mechanism of 
pathogenicity. Certain bacteria particularly member of genus Bacillus (e.g. 
B.thuringiensis and B.sphaericus) are important biological pathogenes (Pauchet 
et al.,2005). 
1.6 Bacillus thuringiensis as a microbial control: 
Bacillus thuringiensis (Bt) is accepted as a source of environment-friendly 
biopesticide. Farmers have applied Bt as an insecticidal spray for control of 
Lepidopteran and Coleopteran pests for more than 30 years (McClintock et al., 
1995). The United States Environmental Protection Agency has considered Bt 




standard for a maximum permissible residue limit on food (Aronson, 2000). 
Improvements in plant transformation technology have allowed the stable 
introduction of foreign genes into many crop species. Crops that contain Bt genes 
to date are corn, and potato (Bucchini and Goldman, 2002).  
There are also other transgenic plants that expressed Bt toxin which include 
rice, tomato, broccoli and tobacco, although still in the trial phase (Ely, 1993). A 
Bt has been used successfully in forestry and in vector control. However, there 
are limitations in the efficacy of Bt sprays. The high level of target specificity 
makes Bt a desirable choice than broad- spectrum chemical insecticides from an 
environmental perspective, but it limits its market potential (Van Frankenhuyzen, 
1993). 
1.7 Genus :Bacillus: 
1.7.1 Classification of Bacillus: 
Tribe:Lactobacillacae (Winslow et al., 1920) 
Family: Bacillacaceae (Fischer, 1895) 
Genus: Bacillus  (Cohn,1872) 
1.7.2 Definition 
  The genus Bacillus is a member of the family Bacillaceae, which 
encompasses Gram-positive variable bacilli capable of endospore formation. 
Bacillus species can be found in almost every environment. Most are considered 
soil organisms, although some are often found in marine and estuarine 
environments. 
Bacillus species vary widely in physiological characteristics, including 
species that are psychrophiles, mesophiles and thermophilic organisms (Rosovitz 




Bacillus species are rod-shaped, endospore-forming organisms which may 
be aerobic or facultatively anaerobic. They are usually Gram positive (in young 
cultures), but sometimes Gram-variable or frankly Gram negative. They are 
mostly catalase positive, and motile by means of peritrichous flagella. 
1.7.3 Morphology: 
Vegetative Bacillus cells exist as single cells or in chains. The cells are rod 
–shaped rounded or squared at the ends and range in size from 0.5x1.2 µm to as 
large 2.5x10µm (Topley and Wilson’s, 1998). 
Bacillus cells are covered by a cytoplasmic membrane, a cell wall and in 
some strains, other layers. The cell wall enclosures are composed of several 
sheets of peptidoglycan and one or more anionic polymers, forming a thick 
barrier around the cell. Peptidoglycan murein, made of glycan strands cross-
linked with short peptides (Rosovitz et al., 1998). 
Bacillus cell surfaces contain paracrystalline cell wall surface layers(S 
layers).  Consisting of a single protein or glycoprotein and possessing a high 
degree of structural regularity (Topley and Wilson’s,1998). 
Carbohydrate capsules are produced by several Bacillus species such as the 
poly-D-glutamic acid capsule produced by B.anthracis. 
The cytomplasm may be vacuolated or may stain uniformly:cells may contain 
parasporal bodies or protein crystals (Rosovitz et al., 1998). 
The form of the endospore and the shape of the spore-bearing mother cell. 
Endospores are usually cylindrical, or ellipsoidal, or oval or round, but some 
strains of certain species produce either kidney or banana shaped endospores. 
The spore may be located as central, paracentral, subterminal, terminal or 




are strict aerobes, but some can also grow anaerobically, either by fermenting 
sugars or by denitrification (Stainier et al., 1958). 
1.7.4 Sporulation and Parasporal Crystal Formation in Bacillus 
thuringiensis: 
There are certain sporogenic events, excluding crystal formation, that are 
unique to B. thuringiensis subsp. Kurstaki although the overall pattern of 
sporulation in this organism is similar to that of other bacilli( Decker and Maier, 
1975 ; Holt  et al.,1975; Ohye and Murrell, 1962). The sequence of spore 
development and parasporal crystal formation in B. thuringiensis is diagramed 
Fig    and is summarized here according to the conventional sporulation stages: 
stage I (7 h), axial filament formation in which there is no apparent involvement 
of mesosomes with the nucleoid; stage II (7 to 8 h), forespore septum formation 
involving mesosomes; stage III (8 to 9 h), engulfment with mesosome 
involvement, first appearance of ovoid inclusion and parasporal crystal, change in 
stainability of membranes and cytoplasm, and formation of forespore; stages IV 
to VI (9 to 12 h), formation of exosporium, primordial cell wall, cortex, and spore 
coats accompanied by transformation of the spore nucleoid; stage VII (post-12 h), 
spore maturation. Forespore septum formation - stage II (7 to 8 h). The forespore 
septa were initiated immediately after stage I and were recognizable as 
invaginations of the plasma membrane at subpolar regions of the cell (stage II, 7 
to 8 h). Mesosomes were associated with the invaginations and were prevalent 
throughout forespore septum development (Bechtel and Bulla, 1976). 
Upon completion of the septum, the area of cytoplasm destined to be 
incorporated into the forespore was termed the incipient forespore. The forespore 
septum was easily distinguished from the vegetative division septum because the 
former lacked visible cell wall material and was similar in appearance to 




septum was complete, engulfment of the incipient forespore commenced. The 
septum characteristically formed an apex pointed toward the mother cell 
cytoplasm. This phenomenon was followed by the movement of the junction of 
the forespore septum and plasma membrane toward one pole of the cell. The 
movement was generally greater on one side and resulted in subpolar rather than 
polar engulfment. Mesosomes were present at the junction of the septum and 
plasma membrane during engulfment. Subpolar engulfment by B. thuringiensis is 
typified in both cross- and longitudinally sectioned cells (Bechtel and Bulla, 
1976). 
Completion of engulfment occurred when the septum became detached 
from the plasma membrane, isolating the incipient forespore from the mother cell 
cytoplasm. Immediately after septum detachment, several changes occurred 
which lead to development of the forespore. One of the most noticeable changes 
was the decrease in electron density of the incipient forespore membrane. The 
incipient forespore membrane also lost its mesosome-like appearance and was 
transformed into the inner and outer forespore membranes. A second significant 
change was in the staining qualities of the mother cell (sporangial) and forespore 
cytoplasms. The sporangial cytoplasm of cells that had completed engulfment 
stained more heavily and appeared more granular than either the cytoplasm of 
forespores or cells not having completed the process. A third, less conspicuous 
change occurred in the appearance of the plasma membrane. Prior to engulfment 
the plasma membrane was irregular and not distinctly trilaminar. After 
engulfment, however, the membrane was distinctly trilaminar, with the outer 
electrondense portion being thicker than the inner one. Spore wall development -
stages IV to VI (8 to 13 h). The primordial cell wall was the first part of the spore 
wall to form and was secreted between the inner and outer forespore membranes 
(stage IV, 8 to 9 h). Concomitant to primordial cell wall appearance, electron-




nucleoid began to fragment. As the primordial cell wall was secreted, ribosome-
like spherical particles became aligned along the lateral sides of the spore where 
the lamellar spore coat was initiated and remained attached during development 
of the lamellar coat (stage V, 11 to 13 h). While the lamellar coat was being 
formed, three other modifications also occurred: (i) the electrondense, fibrous 
spore nucleoid became an electron-transparent homogeneous structure; (ii) the 
primordial cell wall thickened; and (iii) the exosporium engulfed the spore. After 
the primordial cell wall had attained maximum thickness, the cortex developed 
(stages IV to VI, 11 to 12 h) between the primordial cell wall and the outer 
forespore membrane. After cortex and lamellar spore coat development, the outer 
fibrous spore coat formed. The mature lysed spore (stage VII) has several distinct 
layers. Beginning with the inner membrane they are as follows: primordial cell 
wall, cortex, outer membrane, incorporated mother cell cytoplasm, lamellar spore 
coat, outer fibrous spore coat, and the exosporium. Parasporal crystal 
development -stages III to VI (8 to 12 h). The parasporal crystal of B. 
thuringiensis was observed first during engulfment (stage III, 8 h) and possessed 
crystal lattice fringes at this early stage of development. The crystal was almost 
full-sized by the time the exosporium appears (stage IV, 9 h). An ovoid inclusion 
developed simultaneously to crystal appearance (Bechtel and Bulla, 1976). 
   The ovoid inclusion was easily distinguished from the diamond shaped 
parasporal crystal in that it lacked crystal lattice fringes and always appeared 
ovoid. More than one crystal can develop within a cell, but only one ovoid 
inclusion per sporangium was ever observed. Several different types of crystal 
lattice shapes were seen; many parasporal crystals lacked lattice fringes. 
The distance between the parallel lattice fringes is 8.9 nm. Both the 
parasporal crystal and ovoid inclusion were not consistently associated with a 
specific structure. Serial sections (not shown) reveal that the crystal was not 




or exosporium. Although in some micrographs there appears tobe an association 
of the crystal with the forespore membrane, serial sections revealed that the 
parasporal crystal and forespore were always separated by cytoplasm (Bechtel 
and Bulla, 1976). 
 






1.7.5 Importance of Bacillus thuringiensis: 
Bacillus thuringiensis is pre-eminent as a biopesticide, even though the 
global market for Bacillus insecticides is quite small, representing less than 2 
percent of the global insecticide market (Bishop,2002).the genes of the δ 
endotoxins of Bacillus thuringiensis have been in the forefront of the 
development of transgenic crop plants (Van Rie, 2002). Strains of several species 
show promise as agent to control fungal disease of plants (Chanway ,2002). 
1.7.6 History of Bacillus thuringiensis 
 Discovered by Dr. Ishiwatari (a Japanese bacteriologist) 
In 1901 in silk worm farms as the causal agent of the Sotto bacillus disease. 
Insecticidal activity was discovered in 1911 by Berliner (Germany). 
Ernst Berliner isolated a bacterium that had killed a Mediterranean flour moth in 
1911, and rediscover Bt (Bacillus thuringiensis). He named it Bacillus 
thuringiensis after the German town Thurigia where the moth was found. In 
1915, Berliner reported the existence of a crystal within Bt. First time used as 
insecticides in late 1920. 
France soon started to make commercialized spore based formulations called 
sporine in 1938. 
First registered as a pesticide in the US in 1961. 
By the 1970, it was demonstrated that the primary insecticidal activity against 
lepidopteran insects was due to δ endo-toxins. 
Until 1977, only 13 Bt subspecies had been described, all were toxic to 
lepidopteran larvae only. 




Bacillus.thuringiensis subspecies israelensis is a soil bacterium discovered in 
Israel in 1977. 
Bti,( B.thuringiensis subspecies israelensis) is very effective for controlling most 
of mosquito species. 
Bti was first registered by Environmental Production Agency as insecticidal in 
1983. 
Now, over 67 subspecies have been identified. 
1.7.7 Relationship between Bacillus thuringiensis and Bacillus cereus 
         Bacillus thuringiesis is a member of the Bc group, which also contains 
Bacillus cereus (Bc), B. mycoides and B. anthracis. Furthermore, the    
psychrotolerant  B. weihenstephanensis has recently been proposed as a new 
member of the group (Lechner et al., 1998). Bt can only be distinguished from Bc 
by the production during the sporulation process of one or more inclusion bodies, 
which have been found to be toxic for invertebrates, primarily insect species in 
the orders  Coleoptera, Diptera and  Lepidoptera (de Barjac, 1981; Andrews et 
al., 1987). 
     Several studies have been dedicated to a comparison of Bt and Bc on the 
basis of characters not related to the production of ICPs (Hendriksen and Hansen, 
1998). Phenotypic differentiation of Bt and Bc is not possible on the basis of 
morphology or utilization of organic compounds (Baumann et al., 1984; Logan 
and Berkeley, 1984; Priest et al., 1988), characterization of cell content of fatty 
acids (Väisänen et al., 1991) or sugars (Wunschel et al., 1994), multilocus 
enzyme electrophoresis (Zahner et al., 1989; Carlson et al., 1994),enterotoxin 
production (Damgaard et al., 1996; Hansen and Hendriksen, 1997), or 
serological- and phage-typing techniques (Ohba and Aizawa, 1978; 1986; 




genotypic differentiation of Bt and Bc is not possible by DNA homology analysis 
(Kaneko et al., 1978), ribotyping (Priest et al., 1994; Demezas and  Bell, 1995), 
16S rDNA sequencing (Ash et al., 1991); analysis of the 16S-23S internal 
transcribed sequence (Wunschel et al., 1994; Bourque et al., 1995), PCR analysis 
of genes encoding Bc-like toxic products (Damgaard et al., 1996; Asano et al., 
1997; Hansen and Hendriksen, 1997) or pulsed field gel electrophoresis(Carlson 
and Kolsto, 1993; Carlson et al., 1994). Giffel et al. (1997) found differences in 
16S rDNA sequences between a limited number Bt and Bc. Beattie et al. (1998) 
were able to discriminate among members of the Bc group by Fourier transform 
infrared spectroscopy, and Brousseau et al. (1992) were able to distinguish Bt and 
Bc by random amplified polymorphic DNA fingerprinting. However, the transfer 
of ICP encoding plasmids from Bt to Bc makes the recipient Bc indistinguishable 
from Bt, and vice versa (González et al., 1981, 1982). 
1.7.8 Classification of Bacillus thuringiensis subspecies: 
   The classification of Bt subspecies, based on the serological analysis of 
the flagella (H) antigens, was introduced in the early 1960s (de Barjac and 
Bonnefoi, 1962). This classification by serotype has been supplemented by 
morphological and biochemical criteria (deBarjac, 1981). Until 1977, only 13 Bt 
subspecies had been described, and at that time all subspecies were toxic to 
Lepidopteran larvae only. The discovery of other subspecies toxic to Diptera 
(Goldberg and Margalit, 1977), Coleoptera (Krieg et al., 1983) and apparently 
Nematoda (Narva et al., 1991) enlarged the host range and markedly increased 
the number of subspecies. Up to the end of 1998, over 67 subspecies based on 
flagellar H-serovars had been identified .Crystal serology has shown that a 
particular crystal type may be produced by more than one H-serovar 





1.7.9 Genetics of ICP 
    In the early 1980s, it was established that most genes coding for the ICPs 
reside on large transmissible plasmids, of which most are readily exchanged 
between strains by conjugation (González and Carlton, 1980; González et al., 
1981). Since these initial studies, numerous ICP genes have been cloned, 
sequenced and used to construct Bt strains with novel insecticidal spectra (Höfte 
and Whiteley, 1989). 
 Bt strains produce two types of toxins. The main types are Cry (crystal) 
Toxins, encoded by different Cry genes, and this is how different types of Bt are 
classified. The second types are the Cys (cytolitic) toxins, which can augment the 
Cry toxins, enhancing the effectiveness of insect control. Over 50 of the genes 
that encode the Cry toxins have now been sequenced and enable the toxins to be 
assigned to more than 15 groups on the basis of sequence similarities. Table: 1 
shows the state of such a classification in 1995, but an alternative classification 
has recently been proposed. 





bipyramidal 130-138 Lepidoptera 
larvae 
Cry II [subgroups A,B,C] cuboidal 69-71 Lepidoptera 
and Dipera 
Cry III [subgroups A,B,C] Flate/irregular 73-74 Coleoptera 
CryIV [subgroups A,B,C,D] bipyramidal 73-134 Diptera 
Cry V-IX Various 35-129 Various 
 
1.7.10 Crystal composition and morphology 
 The crystals are no regular octahedral, the interfacial angle at the a pex is 




right angles to the long axis of the particle, and each striation is marked at 87 ْA 
intervals along its length. Griego and Spence (1978) examined by 
electronmicroscopy the shape and structure of the crystals of two strains of 
Bacillus thuringiensis. They found two types of crystals –diamond-shape crystals 
of biprismatic shape. 
     The existence of parasporal inclusions in Bt was first noted in1915 
(Berliner, 1915) but their protein composition was not delineated until the 1950s 
(Angus, 1954).   Hannay (1953) detected the crystalline fine structure that is a 
property of most of the parasporal inclusions. Bt subspecies can synthesize more 
than one inclusion, which may contain different ICPs. ICPs have also been called 
delta endotoxins; however, since the term endotoxin usually refers to toxins 
associated with the outer membranes of gram-negative bacteria, comprising a 
core lipopoplysaccharide, lipid A and somatic (O) antigens, this term is not used 
in this monograph. Depending on their ICP composition, the crystals have 
various forms (bipyramidal, cuboidal, flat rhomboid, or a composite with two or 
more crystal types). A partial correlation between crystal morphology, ICP 
composition, and bioactivity against target insects has been established (Bulla et 
al., 1977; Lynch and Baumann, 1985; Höfte and Whiteley, 1989). 
1.7.11 Bacillus thuringiensis Mode of action: 
A generalized flow chart of the events leading to Bt intoxication by Cry 
toxins in a susceptible host reveals various levels at which resistance might 
evolve in an insect population (Fig. 1.1). The high degree of host specificity, as 
well as the complexity of Bt mode of action, results from the interaction of the 
toxin within the complex environment of the insect’s midgut lumen and on the 











































































Feeding stimulants are known to greatly enhance Bt performance since 
most susceptible insects stop feeding after consuming food treated with δ-
endotoxin. Detection and behavioral avoidance of food treated with Cry toxins 
have also been reported for many target species (Gould and Anderson 1991). 
Formulation and application technology has improved the rate of toxin ingestion, 
increasing the probability that the target insect will consume a lethal dose after 
treatment. 
1.7.11.2 Crystal Solubilization 
Following ingestion, solubilization of crystalline δ-endotoxin is a 
prerequisite to all subsequent events in the intoxication pathway ( Du et al., 
1994). High midgut pH (>9.5) was once thought to be essential to crystal 
solubility, but coleopteran-specific toxins were found to function at much lower 
pH (Koller et al., 1992). 
Midgut detergency and redox potential also affect solubilization. The rate 
and extent of crystal solubilization greatly influence toxicity levels in different 
hosts (Bradley et al., 1995) as well as the rate of intoxication (Koller et al., 1992). 
1.7.11.3 Enzymatic Processing 
The Cry proteins are synthesized as protoxins that require processing by 
midgut enzymes to generate activated toxin. The larger protoxins of about 130-
140 kDa (e.g. CryI) are proteolytically cleaved, exposing the activated toxin 
which is a protease-resistant core of about 55-65 kDa (Höfte and Whiteley, 
1989). Many other toxins (e.g. CryII, CryIII, CryIVD) are synthesized as 70 kDa 
proteins and are similar to the N-terminal half of the larger protoxins. Enzymatic 
processing of these smaller 70 kDa toxins also occurs, with amino acids cleaved 




1.7.11.4 Receptor Binding 
The action of Cry d-endotoxins on the midgut epithelium begins with 
binding of the activated toxin to receptors (Hoffman et al., 1988). Much of the 
host specificity also detected toxin-toxin aggregation, supporting evidence that 
the toxin acts as a multimer on the cell surface. Pores in the plasma membrane are 
estimated at 1-2 nm diam, disrupting the actively maintained osmotic balance, 
causing the cells to swell and burst by a process known as colloid-osmotic lysis 
(Knowles and Ellar 1987).  
Carroll and Ellar (1993) demonstrated that δendotoxin-induced changes in 
cell permeability which is non-selective to cations, anions, neutral solutes, and 
water. A three-dimensional model of the CryIIIA protein structure supports the 
hypothesis that the toxin causes pores or channels to form in the lipid bilayer (Li 
et al., 1991). However, the role of midgut receptors in this toxin-induced leakage 
is still unclear (Knowles and Dow, 1993). 
1.7.11.5 Bacterial Septicemia and Death 
The synergistic effect of Bt spores, in the presence of δ-endotoxin, on 
insect mortality leads to speculation that δ-endotoxins facilitate bacterial 
exploitation of the nutrients present in the insect hemolymph (Borgonie ,1995). 
Death occurs when lysis of midgut cells causes irreparable breakdown of the 
midgut integrity, allowing Bt and other bacteria present in the lumen to gain 
access to the body cavity. The insect hemolymph provides an excellent medium 
for bacterial growth. Death caused by bacterial septicemia usually occurs within 
2-3days post-ingestion. However, the immediate cessation of feeding observed in 
most insects after ingestion of Bt( Angus, 1954), as well as the rapid regenerative 
capability of midgut epithelial cells, can allow damaged regions of the midgut to 
heal. The presence of Bt spores and other bacteria in the insect gut of Bt toxins 




membrane, although most toxins bind to more than one receptor (Van Rie et al ., 
1989 and Miyasono et al., 1994). 
Binding, while essential, is not sufficient to produce mortal damage, 
specific binding of toxins to receptors on brush border preparations is not 
correlated with in vivo toxicity (Van Rie ,1990 and Masson et al.,1995).  
Intercalation, Pore Formation, and Cell Lysis. After binding to a receptor 
on the cell surface, the toxin then inserts or intercalates into the plasma 
membrane (English and Slatin, 1992, Knowles and Dow, 1993). Evidence from 
electrical conductance and ion leakage studies suggests that several toxin/receptor 
complexes aggregate to form lesions or leaky regions in the brush border 
membrane (Walters et al., 1994).  
1.7.12: Three dimensional structures of Cry and Cyt toxins produced by 
Bacillus thuringiensis: 
Cry toxins are 60 kDa composed of three functional domains: (domain I), 
and two β-sheet domains (domain II and III) which are involved in receptor 
interactions as shown in Figure 1 (Bravo et al., 2005). 
Cyt proteins  are 25kDa proteins that have a single α-β domain where the 
two outer layer of α helix hairpins are wrapped around a β-sheet (Bravo et al., 
2005)Cry toxins bind to specific protein receptors in the microvilli of the mid gut 
epithelial cells (Bravo et al., 2005) in contrast to cyt toxins which do not bind to 
protein receptors and directly interact with membrane lipids, inserting into the 
membrane and forming pores (Promdonkoy and Eller, 2003)or destroying the 






Fig1.3: Three domains of Bacillus thuringiensis toxins. 
[Diagram based on: JLi,JCarrol and Ellar,1991.Nature 353,815-821] 
1.7.13 Receptors molecular of Cry toxins: 
The major threat to the use of Cry toxins is the appearance of insect 
resistance. The most frequent mechanisms of resistance to Cry toxins are defects 
on toxin-receptor interactions at least four different protein receptors have been 
describe: 
A cadherin-like protein [CADR], aglycosylphosphatidyl-inositol (GPI)-
anchored amino peptidase-N (APN), aGPI anchored alkaline phosphatase (ALP) 
and a 270kDa glycol-conjugate. In addition, it has been proposed that glycolipids 
are important Cry-receptor molecules in insects and nematodes (Griffits et 





1.7.13.1.. Cadherin- like receptors 
Cadherin proteins represent a large family of glycoproteins that are responsible 
for inter-cellular contacts. These proteins are trans-membrane proteins with a 
cytoplasmic domain and an extra cellular ecto-domain with several cadherin 
repeats (Nagamatsu et al.,1999).  
1.7.13.2 GPI anchored receptors: 
The aminopeptidase N (APN) is a GPI-anchored exopeptidase (Oltean et 
al.,1999). APN seems to play an important role in Cry toxin action since a 
laboratory-selected spodoptera-exigua colony resistant to Cry1C did not express 
APN 1, suggesting that the lake of APN production correlated with resistance to 
Cry1C (Herrero et al.,2005) 
As APN and ALP are both GPI-anchored proteins, these proteins are 
proposed to be selectively included in lipids rafts that are conceived as spatially 
differentiated liquid-ordered micro-domains in cell membranes (Murno, 2003).  
  1.7.14 Mode of action of Cry toxins in Mosquito larvae: 
Bacillus thuringiensis subsp israelensis (Bti), is a Bt strain widely used in 
the control of mosquitoes. Bti produces crystal inclusions during sporulation that 
are composed of six toxins:Cry4Aa, CryBa,Cry,10Aa,Cry11Aa,Cyt1Aa and 
Cyt2Ba.(Bravo et al.,2005). 
Little is known about the mode of action of these proteins in the target 
mosquitoes. Due to the structural similarities of Cry4 and cry1 toxins, It is 
possible that they share similar mode of action. (Boonserm et al., 2005). In 
mosquitoes the crystals ingested by susceptible larvae dissolve in the alkaline gut 
environment, releasing soluble proteins. In case of the 70kDa Cry11Aa protoxins 
proteolytic activation using gut extract removes 28 residues from the N-terminal 




Gill,1993), but these two fragments remain associated and retain toxicity 
(Yamagiwa et al.,2004).This is also the case for the 130kDa Cry4Ba protoxin 
where N-terminal, C-terminal and intra-molecular cleavage results in an active 
toxins comprised of two protein fragments of 18 and 46kDa(Komano et al.,1998). 
Cyt toxins are also synthesize as protoxins and small proteins of the N-terminus 




Fig1.4: Receptor molecules of Cry1A proteins. CADR, cadherin receptor; APN, 












1.7.15. Receptors binding in mosquito mid-gut membrane: 
It is proposed that Cry toxins bind to specific protein receptors in the 
microvilli of the mosquito mid-gut cells. In contrast, Cyt toxins do not bind to 
protein receptors but directly interact with membrane lipids inserting into the 
membrane and forming pores (Gill et al., 1987;Thomas and Ellar,1993;Li et 
al.,1996 ;Promdonkey and Ellar,2003) or destroying the membrane by a detergent 
like interaction(Butko,2003). 
In the mosquitocidal Cry4A, Cry4B and Cry11Aa toxins, domain II loop 
regions have been implicated in toxins receptor interaction and specificity. 
Cry4Ba shows no toxicity to Culex species, in contrast to Cry4Aa toxin that is 
toxic to Culex larvae. 
In Anopheles quadrinaculatus, a GPI-anchored APN was identified as a 
putative Cry11Ba receptor (Abdullah et al., 2006).several Cry receptors in 
mosquitoes are attached to that membrane by GPI – anchored, including ALP and 
APN (Abdullah et al., 2006; Fernandez et al., 2006).  Also, in the case of the Bin 
toxins produced by Bacillus sphaericus, a GPI-anchored α-glucosidase is the 
functional receptors in Culex pipiens (Darboux et al., 2001). Therefore it seems 
that targeting GPI-anchored proteins may be a general strategy of pore forming 
toxins, including Cry toxins, to interact with their target cells. 
1.8. Bacillus sphaericus 
Bacillus sphaericus is an aerobic endosporeforming bacterium belonging 
to the family Bacilliaceae. Both insecticidal and non entomopathogenic strains 
can be found worldwide in water, soil and insects. Its crystalline inclusions (toxin 
proteins) produced during sporulation (Lacey and Mulla ,1990). 
Btx is composed of two proteins, designated P51 and P42 based on their 




crystal. It is toxic by ingestion to mosquito larvae. After ingestion, the protein 
crystal matrix is dissolved in the anterior stomach (Yousten et al., 1992). 
1.8.1: Toxins of Bacillus sphaericus: 
Many strains of Bacillus sphaericus produce toxins that are active against 
mosquito larvae. Bacillus sphaericus produces two classes of toxin, binary (Bin) 
toxins and mosquitocidal (Mtx) toxins. The Bin toxins are the most toxic of the 
Bacillus sphaericus toxins and determine the overall toxicity of different strains. 
High toxicity strains of Bacillus sphaericus always produce Bin toxins, and low 
toxicity strains produce only Mtx toxin or neither toxin. The Bacillus sphaericus 
strain in this product produces both the Bin toxin and Mtx toxin, and is among 
the most toxic of Bacillus sphaericus strains (Priest et al., 1997). 
1.8.2: Mode of action  
The mode of action of the Bin toxin of Bacillus sphaericus is not fully 
understood, however, the degree of toxicity is likely correlated with the binding 
affinity of the toxin to specific receptors in the midgut of the particular host. 
When ingested by mosquito larvae, one of the Bin peptides binds to a receptor 
with a unique binding site on the surface of epithelial cells, enabling the other Bin 
peptide to enter the larval gut where the toxin becomes active.  
The Bin toxin of Bacillus sphaericus is considered a single-site acting 
molecule because of a single receptor interaction with the toxin (Charles and 
Nielsen-LeRoux, 2000).  
After ingestion of the spore-crystal complex by mosquito larvae, the crystal 
matrix quickly dissolves and becomes activated in the lumen of the midgut 
through the combined action of midgut proteinases and the high pH of midgut. 
The release of toxins from crystals occurs in all species of mosquitoes, even in 
less susceptible species such as Aedes aegypti. The difference in susceptibility to 




specific receptor on the midgut membranes where the protein toxins bind. In less 
susceptible species, there seems to be fewer receptors on the midgut membrane. 
The toxins either do not bind to the midgut or rapidly leak out from midgut cells. 
In susceptible mosquito species, midgut damage starts as soon as 15 minutes after 
ingestion of the spore-crystal complex. The resulting damage to the midgut cells 
leads to death (Charles and Nielsen-LeRoux, 2000).  
1.9: Application of Bacillus thuringiensis and Bacillus sphaericus toxins in 
controlling Anopheles mosquito larvae in the field: 
  In the Sudan, the first trials of controlling mosquito larvae by  an insect 
bacterial pathogen was done by Nugud (1982), who has used an commercial 
preparation of B.thuringiensis Berliner (H-14) , with a significant larval 
mortality. Then in (1990), Soad made a small-scale field application of 
B.thuringiensis and B.alvei that resulted in effective control of Anopheles and 
Culex larvae. 
Recently, studies on the larvicidal activity under field conditions were done 
by (Manhal and EL Sanousi, 2005) using the supernatant metabolites of Bacillus 
spp. A mortality of 100% of Anopheles mosquito larvae was observed after 48hrs. 
and 72hrs. following treatment with the metabolites of 
B.brevis,B.sphaericus,B.stearothermophilus group II, B.alvie, B.mycodis, B.lentus 
and B.thuringiensis . 
In India, successful control of Anopheles mosquito was provided by the 
application of Bacto-Culicide B.thuringiensis (H-14) strain 164 on the surface 




1.10 Histopatholygical effects of midgut of mosquito larvae treated with 
toxins:   
Ravoahagimalala et al., (1993) studied the in-vivo binding of CryIVD to 
the apical brush border of the gastric ceca and posterior stomach in histological 
sections of intoxicated Anopheles gambiae larvae fed with complete Bti crystals.  
The general histopathological changes induced by the Cry11Bb toxins in 
the mosquito larvae gut epithelia included vacuolization of the cytoplasm, 
hypertrophy of the epithelial cells and their nucleus, brush border membrane 
impairment, and disintegration of the cells. 
After 2hrs exposure to the Cry11Bb toxin, vacuolization of cytoplasm and 
swollen nuclei were observed. Mid-gut columnar cells of mosquito larvae were 
elongated, the cells of the mosquito larvae were distrupted at the apical region 
with vesicle formation,lysis and leakage of cytoplasm material into gut lumen. 
Additionally, in the Aedes aegypti and Anopheles albimanus larvae, the 
Cry11Bb toxins were detected in the Malpiglian tubles 15 and 45min after 
treatment with the toxin, respectively. While in the Culex quinquefasciatus 
larvae, the Cry11Bb toxin was only detected in the malpiglian tubule microvilii 
junctions 1hr after treatment, and 1hr later these structures had shrunken. 
1.11. Toxicological effects: 
1.11.1. Acute toxicity: 
 Mammalian toxicity studies on Bt-containing pesticides demonstrate that 
the tested isolates are non toxic or pathogenic (McClintock et al., 1995) as they 
occur in the products. Toxicity studies submitted to the US Environmental 
Protection Agency to support registration of Bt subspecies, and reviewed by 
(McClintock et al.,1995) failed to show any significant adverse effects on body 




 Infectivity/pathogenicity studies have shown that the intact rodent system 
responds as expected to eliminate Bt gradually from the body after oral, 
pulmonary or intravenous challenge. However, clearance of Bti and Btk is not 
instantaneous. An intact immune system is not a prerequisite for clearance of Bti 
and Btk. 
1.11.2: Oral exposure 
 In studies conducted with a single oral dose of laboratory grown Bt and 
commercial Bt formulations, there was no mortality associated with ingestion of 
Bti or Btk in mice and rats (Fisher and Rosner, 1959; de Barjac et al., 1980; 
Shadduck, 1980; Siegel et al., 1987). 
 Additionally, in data summarized by (McClintock et al., 1995) no 
toxicity or infectivity was observed following oral administration of various Bt 
subspecies at doses of up to 4.7 × 1011 cfu/kg in rats. 
 In a study involving repeated oral exposure of mice and rats for 21 days 
with laboratory grown Bti, no mortality was observed in all treated rodents (de 
Barjac et al., 1980). 
 Other multiple dose studies with Bt were summarized by (McClintock et 
al., 1995). In rats, no toxicity or infectivity was associated with dietary exposure 
to Bti (4 g/kg per day) for 3 months. Administration of 1.3 × 109 Btk spores/kg 
per day to rats by oral gavage was not toxic or infectious. (McClintock et al., 
1995) also reported the results of a 2-year study in which a commercial Btk 
preparation was fed to rats at 8400 mg/kg per day in the diet. Despite this 
excessive dose, the only effect observed was a decrease in body weight of 




1.11.3Toxicity of Bacillus sphaericus: 
Bacillus sphaericus has low acute oral (LD
50 
>5000 mg/kg bw in rats) and dermal 
toxicity (LD
50





of Bacillus sphaericus to mice or rats by conventional routes did not cause any 
changes in mortality, clinical signs, body weight gain and gross pathology 
parameters. Increases in spleen or liver weights were detected in some animals 






Materials and Methods 
2.1 Materials: 
2.1.1 Media: 




Contents:                            g/L 
Lab-lemco powder              1 
Yeast extract                       2 
Peptone                               5 
Sodium chloride                 5 
Agar                                  15 
Twenty-eight grams of dehydrated nutrient agar (Oxoid) were suspended in a liter 
of distilled water, steamed to dissolve completely. pH adjusted to 7.4 and 
sterilized. Then it was poured into sterile plates or distributed in 10 ml amount 








Contents:                              g/L 
Lab-lemco                             10 
Peptone                                 10 
Sodium chloride                     5 
Agar No.3                             15 
Forty grams of blood agar base (Oxoid CM271) were suspended in 1 liter of 
distilled water; it was boiled to dissolve completely and then sterilized. The 
medium was cooled to 45°C-50°C before addition of 7% defibrillated ovine 
blood; it was mixed gently and then dispensed into sterile plates. 
2.1.1.1.3Starch agar: 
Contents:                g/L 
Potato starch           10 
Distilled water        50 
Nutrient Agar         1000 ml 
The starch was triturated with the water to a smooth cream, and it was added to 
the melted nutrient agar. It was mixed well and sterilized. Then it was distributed 
into sterile Petri dishes. 
2.1.1.1.4Simmons citrate agar: 
Contents:                                                 g/L 
Magnesium Sulfate                                  0.2 




Ammonium di hydrogen phosphate         0.2 
Sodium citrate tri basic                            0.2 
Sodium chloride                                       5.0 
Bromo-thymol blue                           0.08 
Agar No.3 (Oxoid L13)                     15.0 
Twenty three grams of dehydrated Simmon's citrate agar (Oxoid) were suspended 
in one liter of distilled water. It was steamed to dissolve completely. The pH was 
adjusted to 7.0 and then sterilized. It was then poured into sterile screw-capped 
bottles and allowed to set in a slope position. 
2.1.1.5Ammonium Salt Sugars (ASS): 
Contents:                              g/L 
(NH4) 2HPO4                           1 
KCl                                         0.2 
MgSO4 .7H 2O                        0.2 
Yeast extract                           0.2 
Agar                                        20 
Distilled water                        1000ml 
Bromo cresol purple, 0.2 % aq.soln   4ml 
Or  Bromo-thymol blue           0.04 
The solids were added to the water and dissolved by steaming. The indicator was 
added and sterilized at 115˚C for 20 min, allowed to cool to about 60˚C and the 




concentration of 0.5-1%, mixed and distributed aseptically into sterile tubes which 
were inclined so that the medium sets as slopes. 
2.1.1.6Urea Agar medium: 
Urea Agar Base Contents: 
Contents:                                               g/L 
Peptone                                                 1.0 
Dextrose                                                1.0 
Sodium chloride                                     5.0 
Sodium phosphate                                  1.2 
Potassium di hydrogen phosphate          0.8 
Phenole red                                             0.012 
Agar No.3                                               15.0 
An amount of 2.4 grams of urea agar base was suspended in ninety five milliliters 
of distilled water, steamed to dissolve completely; pH was adjusted to 6.8 and 
then sterilized. After cooling for 50˚C, five milliliters of sterile 40% urea solution 
(Oxoid) were aseptically introduced. It was mixed well, and then distributed as 10 
ml amount into sterile containers, and allowed to set in slope position. 
2.1.1.7Egg-yolk medium: 
Contents:                                     g/L 
Nutrient agar                             900 ml 
Egg-yolk suspension                100 ml 




Fresh egg was scrubbed with soap and water, immersed in alcohol and left to dry. 
Part of the shell was aseptically removed at the point end of the egg. The egg 
white was aseptically decanted and the egg-yolk was aspirated in a sterile 
container. An equal volume of sterile normal saline was added and mixed well. 
Nutrient agar was melted and autoclaved at 121°C for 15 minutes, cooled to 
50°C, and then the egg-yolk was added. The medium was mixed gently and 
dispensed onto sterile plastic Petri dishes and stored in the refrigerator at 
4°C until used. 
2.1.1.8Casein Agar :( Milk Agar): 
Contents:                                           g/L 
Milk, Skim                                        500ml 
Nutrient Agar, double-strength         500ml 
Fresh whole milk was kept in a refrigerator overnight and the milk below 
the cream layer was removed by siphoning, taking care to avoid the cream 
layer. Steamed for 1h. and cooled in a refrigerator. Filtered and the volume 
of filtrate was measured and sterilized by heating at 115°C for 10 min. 
Cooled to about 50°C and added to the double strength Nutrient Agar, 
melted and cooled  to 50-55°C.Mixed and distributed in Petri dishes or 
tubes. 
2.1.1.1.2Semi solid Media: 
2.1.1.2.1Hugh and Leifson's (O-F) medium: 
Contents:                                             g/L 
Peptone                                                 2 
Sodium chloride                                   5 




Agar                                                      3 
Distilled water                                      1000 ml 
Bromo-thymol blue, 0.2 %aq.soln       15 ml 
The ingredients were boiled to dissolve completely, the pH was adjusted to 7.1, 
filtered and then the indicator was added. The medium was sterilized. Ten 
milliliters of sterile glucose solution were aseptically added to 90 milliliters of the 
medium to give a final concentration of 1%. It was then distributed in 10 ml 
volumes in sterile test tubes. 
2.1.1.2.2.Nutrient Gelatin: 
Contents:                                         g/L 
Lab-lemco powder                           3 
Peptone                                            5 
Gelatine                                           120 
Distilled water                                  1000ml 
One hundred twenty eight grams were suspended in a liter of distilled water, 
steamed to dissolve completely and sterilized .After mixing the medium was 
allowed to cool to below 20˚C, and then distributed in sterile bottles. 
2.1.1.2.3Motility media: 
Contents:                            g/L 
Nutrient broth                     13.0 
Agar                                    1.1 
An amount of 14.1 grams were suspended in 1 liter of distilled water and brought 




medium was then distributed in 3-5 ml into test-tubes containing Craige tubes, 
then it was sterilized. 
2.1.1.3Liquid Media: 
2.1.1.3.1Nutrient Broth: 
Contents:                               g/L 
Lab-lemco powder                  1 
Yeast extract                           2 
Peptone                                   5 
Sodium chloride                     5 
Distilled water                      1000ml 
Thirteen grams of dehydrated nutrient broth (Oxoid) were suspended in a liter of 
distilled water, then it was mixed well, the pH was adjusted to 7.4. After 
sterilization the medium was poured into sterile tubes in 5ml amount. 
2.1.1.3.2Peptone Water: 
Contents:                                g/L 
Peptone                                   10 
Sodium chloride                     5 
Distilled water                       1000ml 
Fifteen grams of peptone (Oxoid CM 9) were dissolved in a liter of distilled 
water, it was mixed well and the pH was adjusted to 7.2. The medium was then 






Contents:                                  g/L 
KNo3                                         1 
Nutrient broth                           1000ml 
One gram of the KNo3 (potassium nitrate) was dissolved in the 1000ml of the 
nutrient broth and then it was distributed in tubes, and sterilized. 
2.1.1.3.4Glucose phosphate medium (for MR and VP test): 
Contents:                                  g/L 
Peptone water                           5 
K2 HPO4                                   5 
Glucose Sugar                          5 
The peptone and K2 HPO4 were dissolved in a liter of distilled water by steaming 
and the solution was then filtered through Sietz filter and pH was adjusted to 7.3. 
Five grams of anhydrous glucose were added to the solution, it was mixed, and 
the medium was then distributed in 2 ml volumes into sterile test tubes and 
sterilized. 
2.1.1.4Reagents: 
Reagents, which were used in this study, were obtained from British Drug House 
(BDH). They were prepared according to Barrow and Feltham (1993). 
2.1.1.4.1Hydrogen peroxide: 






2.1.1.4.2Tetra methyl p-phenylene Diamine Dihydrochloride: 
Tetra methyl p-phenylene Diamine Dihydrochloride was prepared as 1%aqueous 
solution and used for oxidase test. 
2.1.1.4.3Potassium hydroxide: 
 Potassium hydroxide was prepared as 40%solution and used for Voges-Proskaüer 
(V-P) test. 
2.1.1.4.4Αα-naphthol solution: 
Αα-naphthol solution was prepared as 5%solution and also used for Voges-
Proskaüer (V-P) test. 
2.1.1.4.5Nitrate test reagent: 
The reagents were prepared as described by Cruickshank et al., (1975), from two 
solutions: 
SolutionA: 89ml sulphanilic acid; 1000ml 5N acetic acid. 
SolutionB: 5ml alpha naphylamine; 1000ml of 5N acetic acid. 
2.1.1.4.6Kovac's reagent: 
Kovac's reagent was composed of 10ml para-dimethyl-amino benzyldehyde, 
150ml amyl alcohol and 50ml concentrated hydrochloric acid. It was prepared as 
described by Barrow and Feltham (1993), by dissolving the aldehyde in the 
alcohol by heating in a water bath. It was then cooled and the acid added. The 









Andrade's indicator was used for peptone water sugar medium. It was prepared 
according to Barrow and Feltham (1993), by dissolving 5mg of acid fuchsin in 
one litre distilled water, and the 150ml alkali solution was added. 
2.1.1.5.2Phenol Red: 
Phenol Red was used for urea agar base medium. 
2.1.1.5.3Bromo thymolblue: 
Bromo thymolblue was used for citrate medium and (O-F) medium. 
2.2Methods: 
2.2.1Sterilisation and disinfection: 
2.2.1.1Sterilisation: 
2.2.1.1.1Hot air oven (160°C for one hour): 
Glass ware (petri dished, pipettes, test tubes, flask, etc) were sterilized in the air 
oven at 160°C for one hour. 
2.2.1.1.1.2Autoclaving: 
Autoclaving under 15Ibs/in2 15 minutes at 121°C was used for sterilization of 
media ,solution, screw-capped bottles rubber stopped flasks etc. autoclaving at 
110°C for 10 minutes was used for sugar media. 
2.2.1.1.1.3Radiation: 
The ultra violet (U-V) irradiation was used for sterilizing the media pouring room 





Wire loops were sterilized by direct flame. 
2.2.1.1.1.5Tyndalization: 
Sensitive media like Dorest-egg medium were sterilized by tyndalization for three 
successive days. 
2.2.1.2Disinfection: 
Phenolic disinfection was used for disinfecting floor, walls, roofs of the 
laboratories and 70%alcohol was used for disinfecting the benches. 
2.2.2Mosquito Rearing of Anopheles arabiensis: 
Mosquito rearing in the insectary required four months instead to establish good 
colony of mosquito. 
The insectary rooms were maintained 28°C and 80%humidity, with 12hrs. 
Day/night cycle. 
2.2.2.1Equipment: 
Mosquito cages, 10%sterile sucrose solution, paper towels, beaker, whatman filter 
paper, glass feeders, human or animal blood ,water bath, parafilm, distilled water, 
clean plastic trays, vacuum, and a collection chamber to collect adults. 
2.2.2.2Protocol: 
Day1: 
The 3-5 day old adult female mosquitoes were fed on blood to lay eggs. For 
feeding, an artificial membrane (parafilm) blood is added to the glass feeder. The 




the mosquitoes access to the membrane surface. The mosquitoes are allowed to 
feed for 1 hour. 
Day 3: 
The females layed eggs two days after they were fed on blood. A small filter 
paper wrapped in petri-dish containing distilled water, making sure that the filter 
paper got moisted. The petri-dish is kept inside the cage overnight for the 
mosquitoes to lay eggs. 
Day4: 
The filter paper containing the mosquito eggs was placed in a plastic tray in 
distilled water. The tray was labeled with batch no. and date. A pinch of fish food 
was added to the tray and eggs were allowed to hatch to larvae during the next 
days. 
Days 5-8: 
Growing larvae were fed everyday with fish food and monitored for density and 
population. On the eighth day (5day old larvae), the larvae population was diluted 
from 1 tray to 10trays, with a fish food in each tray. 
Day 9-12: 
The larvae were fed everyday with fish food. On the 12th day (9day old larvae), 
the water is changed with fresh water, and food is added. The pupae start 
developing at this stage. The tray was covered with nets to avoid escaping of 
adults. 
Days 13-15: 
The pupae were allowed to emerge to adults for the next 2-3days.Food was given 






The adults were collected into a cage through an aspirator connected to vacuum. 
The cage consists of a small 100ml bottle with 10%sucrose (autoclaved) and a 
paper towel lining on the bottom to soak any potential sugar spills which may 
occur during cage handling (30-40mins.) 
Day 17-21: 
The adults (both males and females) were then kept in the insectary room for 4-
5days, fed on 10%sucrose before they were again blood-fed to begin the next 
cycle. 
The same mosquitoes can be used to lay egg more than once. 
The mosquitoes that are not needed for experiments or rearing were killed by 
placing the cages in a freezer. 
The used trays and cages were cleaned and dried before they can be used again. 
2.2.3Isolation of bacteria from the mosquito larvae: 
Alive and dead larvae were removed from the water and washed several 
times with tap water followed by sterile distilled water then sterile normal 
saline. Finally they were dipped in 70% alcohol for a few seconds and then 
washed and transferred to a sterile slide, for dissection. 
Clean larvae were transferred and placed over sterile slides under dissecting 
microscope, the head was decapitated from the whole body by using sterile 
blades and forceps, and then the intestine of mosquito larvae were teased 
out. 






2.2.4: Staining techniques: 
2.2.4.1: Preparation of smears: 
Smears were prepared by emulsifying a small inoculum in a drop of normal 
saline and spreading on a clean slide. The smears were allowed to dry by air 
and then fixed by gently flaming. 
2.2.4.2: Gram's stain: 
Gram's stain was done according to the method described by Cruickshank et 
al, (1975). The slide was placed on the rack and flooded with the crystal 
violet stained for one minute (basic stain) and then the stain was washed. 
The smears were covered with Iodine for one minute (mordant), rinsed with 
water, acetone was used for decolorization for no time and the slides were 
rinsed with water again. Then the smears were counter-stained with dilute 
carbol fuchsin for one minute, rinsed with water and allowed to dry by 
blotting with a filter paper. The prepared slides were examined under 
microscope using oil-immersion objective lens. Bacteria colored red were 
labeled as Gram- negative organisms and violet colored were labeled as 
Gram- positive organisms. 
2.2.4.3: Spore stain: 
Spore's stain was done according to the method described by Barrow and 
Feltham 1993.The slides were placed on the rack and flooded with 5% 
aqueous malachite green and steamed for 1 min. Washed under running 
water. Counter stained with 5% aqueous safranin for 15 seconds. Rinsed 
with water and drained or blotted to dry. Bacterial bodies stain red, spores 
green. 
2.2.5 Incubation of cultures: 
Plates inoculated for any isolation were incubated aerobically at 37°C.for 24 




ASS, urease, citrate media were incubated for up to 7days.Voges-Proskour, 
Nitrate and peptone media were incubated for 48hrs. 
2.2.6 Examination of cultures:  
Cultures on solid media were examined with the naked eyes for growth and 
colonial morphology as well as any visible change in the media. Plates 
which didn't show visible growth were re-incubated and examined daily for 
up to seven days before they were discarded as negative. 
Liquid media were examined with the naked eye for turbidity and color 
change.   
2.2.7 Purification of isolates:  
Primary isolates were sub-cultured on nutrient agar to obtain pure cultures. 
The process was repeated till pure cultures were obtained. The resulting 
growth was checked for purity by staining with Gram's stain and examine 
microscopically. 
2.2.8 Identification of isolated bacteria: 
2.2.8.1 Primary identification: 
Primary identification was done by light microscopy, Bacillus were 
identified as Gram- positive rods, spore- former, occurring singly, in small 
or long chains according to Barrow and Feltham (1993). 
2.2.8.2 Secondary identification by biochemical tests:     
All the biochemical tests were performed according to Barrow and Feltham 
(1993) and Sneath et al., (1986). 
2.2.8.2.1 Catalase test: 
The test organism was grown on nutrient agar. One ml of 3% H2O2 was 
added to the culture. Evolution of gas immediately or after five minutes, 





2.2.8.2.2 Oxidase test: 
The organism was grown on nutrient agar. A piece of filter paper (2cm 
diameter) was placed in a Petri dish and 2-3 drops of tetra-methyle-P-
phenylene diamine di hydrochloride were added. The organism was taken 
by a sterile glass-rod and smeared across the surface of the impregnated 
paper. A positive reaction was indicated by development of dark purple 
color without 10 seconds, while no color change indicated negative reaction.    
2.2.8.2.3 Motility test: 
Using a sterile straight wire, the tested organism was stab-inoculated to a 
depth of 5mm into a tube containing motility media and incubated for24hrs. 
at 37°C. If the growth confined to the stab inoculum, the organism was 
considered non-motile. 
2.2.8.2.4 Oxidation-Fermentation of glucose O-F test: 
Duplicate tubes of Hugh and Liefson's medium were inoculated with the test 
organism using straight wire loop. The medium in one of the tube s was 
covered with a layer of sterile paraffin oil to a depth of about 1 cm. The 
tubes were incubated and examined daily for up to 14 days. Color change to 
yellow in both opened and sealed tubes were indicated fermentative 
organism. Change in the opened tube only indicated oxidative organism. 
2.2.8.2.5 Acid from carbohydrates: 
2.2.8.2.5.1 Ammonium Salt Sugars (ASS): 
Inoculated slopes of ASS medium were incubated at appropriate 
temperature for up to 7 days. Examined on alternate days for growth and 
acid production, Change of color to yellow indicated positive reaction.  
2.2.8.2.6 Urease test:  
A slope of urea agar medium was inoculated with the organism, incubated at 




indicated positive urease activity .No change in color was considered 
negative. 
2.2.8.2.7 Indole production: 
Peptone water was inoculated with the organism and incubated for 48hrs. 
Half ml of Kovac's reagent was added and the tube was shaken gently and 
examined after one minute. A positive reaction for indole production was 
indicated by formation of ring of pink color on the top of the medium. 
2.2.8.2.8 Citrate utilization test: 
Simmon’s citrate medium was inoculated with the organism, incubated at 
37°C and examined daily for 7days. Change to blue color was considered as 
positive reaction. No change in color considered as negative. 
2.2.8.2.9 Voges –Proskaüer V-P test: 
This is a test for production of acetyl-methyl-carbinol. Glucose phosphate 
medium was inoculated with the test organism and incubated at 37°C for 
48hrs. After that, one ml of this culture was transferred into sterile bottles, to 
which 0.6ml of 5% alcoholic solution of α-naphthol and 0.2 ml of 40% 
potassium hydroxide (KOH), were added. The mixture was then shaken and 
examined after 15 minutes and one hour. A positive reaction was indicated 
by development of bright pink color in the medium. 
2.2.8.2.10 Starch hydrolysis: 
Starch agar was inoculated with the test organism, and incubated at 30°C for 
5 days. The medium was then flooded with Lugol's Iodine solution. 
Turning the color of the medium to blue indicated that starch was not 
hydrolysed, and the hydrolysis was indicated by clear colorless zone. 
2.2.8.2.11Gelatin hydrolysis: 
Nutrient gelatin medium was inoculated with a straight wire loop and 




was transferred to the refrigerator for 2hrs. and then examined for 
liquefaction. Positive reactions were indicated by hydrolysis of the gelatin 
media and loss of the gelling property, while negative reaction was indicated 
by no gelatin liquefaction.  
2.2.8.2.12 Growth in media with increased NaCl: 
Broth of the required salt concentration was inoculated with the organism to 
be tested, and incubated at the optimal temperature for growth. Salt 
organisms (halophiles bacteria) showed a good growth in this media, while 
non-salt-tolerant organism showed no growth. 
2.2.8.2.13Nitrate reduction: 
Nitrate broth was inoculated with the test organism. Then, 1 ml nitrate 
reagent A was added followed by 1 ml reagent B. Red color indicated 
presence of nitrite that mean nitrate has been reduced. To tubes not showing 
red color within 5 min, powder zinc up to 5mg/ml, of culture was added and 
allowed to stand. 
Red color =nitrate present in the medium (i.e. not reduced by the organism). 
Absence of red color =nitrate absent in the medium (i.e. reduced by the 
organism to nitrate, which in turn was itself reduced). 
2.2.8.2.14 Lipase hydrolysis, lecithinase activity tests: 
The egg yolk agar plates medium were inoculated with the tested organism 
and incubated aerobically for 72 hrs. and then the results were recorded as 
follows: 
Lecithinase activity: was seen as opacity in the medium due to breakdown of 
lecithin in the egg yolk. 
Lipase hydrolysis: was seen as a pearly (fatty) layer covering colonies and 




produced in the medium. This was observed when distilled water added to 
the plate and a fatty layer was float on the water surface. 
2.2.9 Physical properties: 
2.2.9.1 Spore counts 
A 1000µl of Bacillus thuringiensis. Sample was heated at 80°C for 12 min and 
diluted from 10 -1 to l0-8 with sterile normal saline. Three plates were cultured for 
each dilution (100µl) at 30°C for 48h. Spores were counted by the spreading 
technique. 
 Bacillus thuringiensis  l00 µl  of sample was suspended in 900µl of sterile 
Normal saline and vortexed. Then, the other steps of the procedure were carried 
out in a similar manner.  
2.2.9.2 Effect of temperature: 
 Bacillus thuringiensi spore samples were incubated at 50°C and spore counts 
were carried out periodically, in order to observe the effect of increase in 
temperature. 
 2.2.9.3 Effect of UV irradiation:  
A 12W germicidal lamp (General Electric, 257nm) was used in this study. 
Bacillus thuringiensis  samples in open Eppendorf tubes were exposed to UV 
light from a distance of 20cm, inside a sterile UV cabinet. 1, 6, 12, and 24hrs after 
UV exposure, samples were taken and a spore count was determined. 
2.2.9.4 Effect of pH: 
The effect of pH on Bacillus thuringiensis was examined by incubating the 
samples (100µ l) in 900µl of buffers of varying pH's (4.0-10.0) at 25°C.Spore 






2.2.9.5: Larvicidal Activity: 
Bioassays were performed to observe the larvicidal activity of Bacillus 
thuringiensis spore. Anopheles arabiensis larvae were reared at 28ºC. second and 
third  instar larvae (20) were placed in a flask containing 20ml of tap water. A few 
grains of finely ground fish food pellets were added to feed the larvae.Then 100µl 
about 107,106 spore of sample were added to the flasks. (Final concentration: 
about 106,105and 104 spore/ml respectively) Mortality rate was scored at 24 and 
48 hrs after treatment. 
2.2.9.6: Effect of temperature: 
Bacillus thuringiensis metabolites were heated through water-bath at 
different temperature 40°C, 60°C, 80°C and 100°C. Anopheles arabiensis 
larvae were reared at 28ºC. second and third  instar larvae (20) were placed 
in a flask containing 25ml of tap water. A few grains of finely ground fish 
food pellets were added to feed the larvae. Bacillus metabolites with 
different values were added, and two flasks were left untreated as control. 
Changes were recorded daily up to 72hours. 
2.2.9.7: Effect of pH: 
Bacillus thuringiensis metabolites were treated with 1 M HCl and NaOH to 
decrease or increase pH respectively, to obtain values of pH 4.0, 6.0, 8.0 and 
10.0. 
Anopheles arabiensis larvae were reared at 28ºC. second and third  instar 
larvae (20) were placed in a flask containing 25ml of tap water. A few grains 
of finely ground fish food pellets were added to feed the larvae. 
Bacillus metabolites with different values were added, and two flasks were 






2.2.9.8: Effect of UV light: 
Bacillus thuringiensis metabolites were exposed to UV light for 1, 6, 12 and 
24hrs. Anopheles arabiensis larvae were reared at 28ºC. second and third  
instar larvae (20) were placed in a flask containing 25ml of tap water. A few 
grains of finely ground fish food pellets were added to feed the larvae. 
 Bacillus metabolites were added, and two flasks were left untreated as 
control. Changes were record daily up to 72 hours. 
2.2.10: Isolation of spore-crystal mixture suspension: 
Bacillus strains were inoculated into Müller Hinton broth media and incubated 
over-night at 37°C .plates of Nutrient agar + MnSO4 was flooded by the cultured 
tubes, and incubated at 37°C for14 days nearly all of the sporangia had lysed. 
2.2.11: Larvicidal activity of Bacillus metabolites on mosquito larvae: 
 Mosquitoes were reared in an environment-controlled room at 28°C and 
85% humidity, with a light period of 14h of light and 10h of dark. 
Mosquito larval toxicity of Bacillus metabolites was determined by adding a 
known amount of Bacillus metabolites to 25ml of tap water and then second and 
third instar of larvae of An.arabiensis were placed to each flask. 
A few grains of finely ground fish food pellets were added to feed the larvae. 
Observations were made at 90min, 180min, and 360min. 
Assays were performed in triplicate, and mortality was scored after 24, 48, and 
72hrs. in incubation at 28°C. 
Control larvae incubated in the absence of Bacillus metabolites and had no 






2.2.12 Larvicidal activity of Bacillus spore-crystal mixture on mosquito 
larvae: 
Purified spore-crystal mixture of two Bacillus thuringienisis strain and 
Bacillus sphaericus were examined for quantitative larvicidal activity against 
mosquito larvae. 
Bioassay against second and third instar An.arabiensis larvae was applied 
to four different concentrations with three replicates per concentrations. 
Ten second and third instar An.arabiensis larvae placed in 5ml of tap water were 
added to each well of 20 well tissue culture plates.  
A few grains of finely ground fish food pellets were added to feed the 
larvae. Observations were made at 90min, 180min, and 360min. 
Assays were performed in triplicate, and mortality was scored after 24, 48, 
and 72hrs. at an incubation of 28°C. 
Control larvae were incubated in the absence of Bacillus spore-crystal mixture 
and had no mortality in this period. 
2.2.13Amino Acid Analyzyer:  
  The innovative automatic Amino Acid Analyzer S 433 combines the 
advantages of the classical ion exchange separation method with the modern 
technique of high performance liquid chromatography. The complete package of 
sophisticated instrumentation, a wide variety of prepacked and tested separation 
columns, combined with optimized ready-to-use buffer solutions and chemicals. 
2.2.13.1Sample preparation for Amino Acid Analyzer: 
2.2.13.1.1Preparation of hydrolysate samples: 




- 5ml 6NHCL were added and the tube was tightly closed. 
- Incubated at 110˚C for 24hrs. 
- The solution  was filtrated and 200µl of the filtrate was removed 
- The sample was evaporated at 140˚C for about 1hr. 
-1ml of the sample diluting buffer was added to the dried sample. 
2.2.13.1.2Buffer solutions for determination of amino acids: 
Sodium citrate buffers, lithium salt buffers, NaOH, physiological saline and 
LiOH. 
2.2.13.1.3Ninhydrin reagent: 
Ninhydrin reagent was the most commonly used reagent for amino acid 
determination. It usually consists of the following chemicals: 
Crystalline ninhydrin. 
An organic solvent. 
A strong buffer solution. 
A reducing agent. 
2.2.13.1.4Multistep Separation: 
Only two or three buffer solutions were combined to form the best optimized 
buffer profile at any part of the separation program. No more compromises by the 
limitation to four or five buffer changes. 
2.2.13.1.5Cooled Reagent Storage: 
All buffer solutions, as well as the Ninhydrine reagent are All buffer solutions, as 




cabinet to avoid oxidation and air contamination independent of the ambient 
environment. 
 
 2.2.13.1.6 Integrated Autosampler: 
With a capacity of 120 vials in a cooled sample tray. 
Volumes from 1µl to 100 µl were injected without any loss of sample. The 
injected volume was adjusted with a high precision syringe, driven by a stepper 
motor with a resolution of 17 steps per µl. A programmable wash program flushed 
the entire injection system to avoid cross contamination of the sample. 
2.2.13.1.7 Integrated Vacuum Degasser: 
  The buffer pump was avoided to be interrupted by air bubbles without the 
need of bubble traps with varying volumes, causing changes in retention times of 
the different amino acids. 
2.2.13.1.8 Separation Column Oven: 
Integrated solid state column oven with fast heating and cooling capability 
with a temperature range from +5°C to +85°C independent of the ambient 
temperature. Up to twelve programmable temperature steps can be used during 
one separation program. 
2.2.13.1.9 High-Temperature Reactor: 
Temperature rector was programmed to temperature range from ambient to 
185°C with a coiled capillary for the color reaction of the amino acid-ninhydrine 
complex. Automatic flushing of the reactor coil with a washing solution after each 
run prevents the blockage of the capillary. 
2.2.13.1.10 Integrated Reagent Dosing Pump: 
For Ninhydrine delivery and flushing of the reaction coil after each run. 






2.2.13.1.11 Complete Inert Design: 
All materials coming into contact with the buffer solutions and reagents 
were made of inert materials as PEEK, PTFE, PVDF etc. Therefore, there was no 
need for using special non-corrosive buffer compositions or reagents. 
2.2.13.1.12 Integrated Dual-Channel Photometer: 
For the amino acid detection at 440 nm and 570 nm wavelengths.Summing 
option for both channels, for single channel integration of all amino acids were 
applied. 
2.2.13.1.13Consumables: 
Ready-to-use Buffer Solutions, newly formulated  
Ninhydrine Reagent with long-term stability and Separation Columns. 
All consumables were ready-to-use, tested, and certified to guarantee the 
highs quality standard. 
 
 





2.2.14: Protein Determination: Protein Concentrations were measured by the 
methods of (Lowry et al .,1951). 
2.2.14.1 Reagents:  
1. 0.1N NaoH containing 2% anhydrous Na 2Co3. 
2. 2% Na/ K tartrate Soln. 
3. 1% CuSo4 Soln. 
4. Bovine Serum Albumin (BSA) 1mg/ml Stock protein Soln. 
5. Folin's ciocalteu phenol reagent diluted 2 in 5 with distilled water. 
* All solutions made up in distilled water. 
2.2.14.2 Methods:  
1-The 1mg/ml stock BSA soln. was diluted well to give 200µL, 400 µL,600 
µL800 µL and 1000 µL per ml. 
2- 0.1 ml of each standard or unknown sample were taken and added to0.3 ml 
distilled water to each (carry out tests in duplicate . For the blank take 0.4ml d  
H 2O). 
2.2.14.2.1For Standard:  
 10 µL from BSA was placed at the first tube ,20 µL,40 µL,80 µL and 100 µL, 
and complete the volume of each tube to 100 µL (carry out in duplicate). 
2.2.14.2.2 For unknown protein: 
1- 200 µL of unknown protein were transfer to a test tube then add 800 µL of 




2-500 µL from a stock tube was transfer to the first tube and complete the volume 
to 1000 µL DW then 500 µL was transfer to the second tube make dilution 1/10, 
1/20,1/40 for the unknown protein sample. 
2.2.14.2.3 Digestion Solution : 
1-In clean flask place 50ml of 0.1 N NaOH containing 2% anhydrous Na 
2Co3+0.5ml  
2% Na/ K tartrate Soln. +o.5 ml of 1% CuSo4 Soln. 
2-Mixed well and 2ml (200 µL) added to each standard, sample and blank. 
3-It was incubated for 10 min. At room temperature inorder to allow the protein to 
hydrolyse. 
4- 0.2 ml (200 µL) of the Folin ciocalteu reagent was added mixed immediately 
incubated in the dark for 30min. 
5- Absorbance was read in spectrophotometer using 1cm path length at 500nm. 
2.2.14.2.4 Blank: 
1- In a clean test tube place 400 µL of D.W was containing 2000 µL of Digestion 
soln., 400 µL of Folin reagent. 
2.2.14.3Calculation of unknown protein content: 
Reading of test      X STD Conc. 
Reading of STD 
 
2.2.15 Separation of spores and crystals: 
Separation of spores and crystal was done according to (Delafied et al., 1968) 




Autolyzed cultures were scraped from the surface of 250 petri dishesand were 
suspended in 1 M NaCI-0.02 M potassium phosphate buffer (pH 7.0) containing 
0.01% TritonX-100. The suspension was filtered through cheesecloth to remove 
small pieces of agar and was centrifuged. 
        The sediment was washed repeatedly with fresh portions of the same 
solution until only traces of material absorbing at 260 nm remained in the 
supernatant liquid. The particles were then washed once in 0.2 M NaCI-0.004 M 
phosphate buffer (pH 7.0) - 0.01 % Triton-X-100 and once in 0.01 %, Triton-X-
100, and were suspended in water.  
    The remaining crystals and spores were centrifuged and washed three times in 
0.02 M phosphate buffer (pH 7.0) -0.01 % Triton-X-100. The suspension, in 182 
ml of the same buffer, was added to a cylindrical separatory funnel containing 105 
g of a 20% (w/w) aqueous solution of sodium dextran sulfate 500 ,13.2 g of solid 
polyethylene glycol 6000 ,3.3 ml of 3 M phosphate buffer (pH 7.0), and 7.5 g of 
NaCl. After shaking to dissolve the solids, the volume was adjusted to 600 ml by 
adding a well-shaken solution of the same composition, but without bacterial 
particles. 
     The complete mixture was shaken vigorously and placed at 5 ˚C for 30 min. 
The mixture separated into two phases, the upper phase rich in polyethylene 
glycol and the lower phase rich in sodium dextran sulfate.  
           The upper phase contained most of the spores initially present, but very 
few crystals. The lower phase contained a mixture of crystals and spores. The 
upper phase was drawn off and centrifuged. The supernatant solution was poured 
back into the separatory funnel and the extraction was repeated. Spores in the first 
two upper phases constituted the bulk of those initially present and were saved; 
spores subsequently extracted from the lower phase were discarded. After the 




were collected by centrifugation. The spores and crystals were both washed five 
times in cold distilled water. The spores were stored at -20 ˚C as freeze-dried 
powders. The crystals were stored at -5 ˚C as suspensions in water. 
2.2.16 Preparation of SDS-PAGE solutions (Reagents): 
2.2.16.1Stock solution:  
Solutions were prepared according to Laemmli,(1970). All chemicals used for 
electrophoresis were purchased from Sigma. 
2.2.16.1.1.1Acrylamide solution:   30% acrylamide /bis acrylamide: 
Acrylamide                                                           60gm 
Bisacrylamide                                                       1.6gm 
ddH 2o                                                                    200ml 
Acrylamide solution was prepared by dissolving 60 grams of acrylamide and 
1.6grams methylene- bis acrylamide in 200ml distilled water.  
Store up to 3months at 4 ˚C in the dark. 
2.2.16.1.1.2 Resolving gel buffer (1.5MTris-oH ,pH 8.8) 
Tris oH                                                                   36.6gm 
ddH 2o                                                                    150ml 
pH 8.8 
ddH 2o                                                                    50ml 
Resolving gel buffer was prepared by dissolving 36.6gm of Tris OH in 150ml 
distilled water. 




Store up to 3months at 4 ˚C. 
2.2.16.1.1.3 Stacking gel buffer (0.5M Tris-HCL, pH 6.8) 
Tris Hcl                                                3.0 gm 
ddH 2o                                                   40ml 
pH 6.8 
ddH 2o                                                   10ml 
Three grams of tris hydrochloride were dissolved in about 40 ml distilled water, 
pH was adjusted to 6.8 by adding N Hcl ,and the volume was completed to 50ml.  
Store up to 3months at4 ˚C.  
2.2.16.1.1.4 10% SDS   sodium dodcyle sulfate: 
SDS                                                                      10gm 
ddH 2o                                                                  100ml 
10% SDS   sodium dodcyle sulfate was prepared by mixing 10gm of SDS in 
100ml distilled water. Store at 4 ˚C. 
2.2.16.1.2  10% Ammonium per Sulfate: 
Ammonium per sulfate                               0.1gm 
10% Ammonium per Sulfate was prepared by dissolving 0.1 grams of 
Ammonium per sulfate into 1ml distilled water, it prepare just prior to use, Do not 
store. 
2.2.16.1.3 Loading buffer:  Sample buffer 
0.5 Tris Hcl pH 6.8                                             1ml 




Mercabtomethanol                                              1.6 ml 
0.05% bromophenol blue                                    0.2 ml 
ddH 2o                                                                 4ml 
Loading buffer was prepared by mixing 1ml of 0.5 tris Hcl,pH 6.8, 0.8ml 
glycerol, 1.6ml mercaptomethanol,0.2ml 0.05%bromophenol blue in 4ml distilled 
water. 
2.2.16.1.4 Running buffer:   Electrophoretic buffer 
Tris-oH pH 8.8                                                  3.02gm 
Glycine                                                              14.4gm 
SDS                                                                    1gm  
ddH 2o                                                                800ml 
pH 8.3 
ddH 2o                                                                200ml up to 1litre 
Running buffer was prepared by mixing 3.02 grams of tris base, 14.4grams 
glycine, and igram SDS in 800ml of distilled water. The pH was adjusted to 8.3 
by adding N NaoH then complete to 1litre. Store at 4 ˚C. 
2.2.16.2 Preparation of the Gel: 
2.2.16.2.1  12.5% Resolving Gel: 
30% Acrylamide                                                  4.2ml 
Resolving buffer                                                  2.5ml 
10% SDS                                                             100 µL 




TEMED                                                                 14 µL 
ddH 2o                                                                    3.2 µL 
Resolving gel was prepared by adding 4.2ml of 30% acrylamide to 3.2ml of 
distilled water, and then 2.5ml resolving buffer,100 µL of 10%SDS,100 µLof 
APS and 14 µL of TEMED and then mixed carefully. 
2.2.16.2.2:  4% Stacking Gel: 
30% acrylamide                                                      1.3ml 
Stacking gel                                                             2.5ml 
10%SDS                                                                  100 µL 
APS                                                                          100 µL 
TEMED                                                                     10  µL 
ddH 2o                                                                         6ml 
Stacking gel was prepared by adding 1.3 ml of acrylamide /bisacrylamide to 6ml 
of distilled water,2.5ml stacking buffer, 100 µL 10%SDS,100 µLAPS and 10 µL 
TEMED. 
2.2.16.3: Preparation of Staining and destaining solution: 
The stain was prepared by mixing 1.25 grams of Commassiae Brilliant 
blue(R-250) with46 ml glacial acetic acid,227ml ethanol and 500ml distilled 
water. The destain solution was prepared by mixing 75ml glacial acetic acid,150 
ml ethanol and 775ml distilled water. 
2.2.16.4: Gel plate Sandwish Assemblies: 
Two clean plates were handled with gloves to prevent contamination with 




small plate at the front and separated by two black spacers and fasten screws 
tightly. Clip two sets of plate holders into set-up apparatus screws of each plate 
holder pointing to each other. 
The sandwish assembly was then clamped tightly on both sides and placed on the 
stand then sealed carefully at one side using agrose. 
2.2.16.5 Casting of the gel: 
After preparing the resolving gel solution, it is necessary to have the casting 
stand completely ready, mixed well and the solutions were poured carefully into 
the space occupied by the cassettes. 
Immediately after pouring the gel, it must be observed with saturated butanol to 
an additional height of 0.5cm. 
The purpose of butanol is to produce a smooth, completely level surface on 
top of the separating gel. 
Before adding the stacking gel, the butanol should be poured off by 
overlaying 1ml of water. Carefully water was removed by tipping the apparatus 
up-side down using tissue paper or filter paper. 
After preparing the stacking gel, it was poured into the glass sandwish over 
the polymerized resolving gel. 
The comb was then inserted; taking care not to catch babbles under the 
teeth left for about 15 minutes to polymerize. The comb was removed gently to 




2.2.16.6: Preparation of sample: 
Bacillus spp. cells Collection: 
The bacterial spores of each isolate were inoculated in Müller Hinton broth 
tube and heat shocked at 80˚C for 10minutes in a water bath and incubated 
overnight at37˚C. 
The tubes were vortexed at high speed to disrupt the layer of the growth. 
The tubes were centrifuged for 15mintues; the resulting pellets were 
washed by adding distilled water, both the supernatants and the pellets were 
vortexed and centrifuged at 4˚C and 3000rpm for 15 minutes. The pellets and the 
supernatant were dissolved in the sample buffer and boiled in a water bath for 
5minutes to extract the proteins. The extracts were kept at -20˚C until SDS-PAGE 
analysis. 
Prior to protein analysis, the supernatant and the pellets were boiled for 3 
minutes to depolymerise the SDS. A 30 second centrifugation at high speed was 
carried and 10 Microlitre of both of the supernatant and pellets were applied to the 
wells of the sacking gel.  
2.2.16.7 Electrophoresis of samples: 
The lower chamber of the electrophoresis apparatus was filled with tank 
buffer. The height of the tank buffer was adjusted in the lower buffer chamber 
until the plates are fully immersed in buffer. When bubbles were trapped under 
the ends of the plates, they were waxed away with pipette. 
The upper chamber was carefully filled with tank buffer. The lid was put on 
the gel unit and connected. Electrodes were connected to the power supply and 
the electrophoresis was run and the current was adjusted at 60-100 mA. The 




The run was ended by turning the power supply off and disconnect power 
cables.The run was ended when the tracking dye reached the bottom of the gel. 
The upper chamber and the gel plates were removed from the lower chamber. 
The buffer was poured off and disassembles the plates by gently loosening 
and sliding away both spacers. 
2.2.16.8 Staining the gel: 
The gel was carefully lifted into a tray of staining solution after separated 
from the glass plates. Commassie Brillant blue stain was then added till it covered 
the gel completely. Staining was carried out on a shaker for over-night. Then the 
staining solution was poured off. The gel was washed and covered with destain 
solution with shaking for 3hrs. The destain solution was changed periodically 
until the gel background become clear. The gel was examined over UV light box. 
2.2.17 DNA isolation and RAPD technique. 
 DNA was isolated from 50 mg of organism using Qiagen Kit for DNA 
extraction. The extracted DNA was dissolved in 100 µl of elution buffer. The 
concentration and purity of the obtained DNA was determined by using “Gen 
qunta” system-pharmacia Bio-tech. The purity of the DNA for all samples was 
between 90-97% and the ratio between 1.7 – 1.8. Concentration was adjusted at 6 
ng/ µl for all samples using TE buffer PH. 8.0. 
2.2.17.1 Random amplified polymorphism DNA technique (RAPD): 
 Thirty ng from the extracted DNA were used for amplification reaction. 
The polymerase chain reaction (PCR) mixture contained PCR beads tablet 
(manufactured by Amessham pharmacia Biotch), which contain all of the 
necessary reagents except the primer and the DNA which was added to the tablet. 





Five microliter of the primer (10 mer) was added.  
The sequences of used primers are as shown: 3 
RAPD Analysis Primer 2:6-d (GTTTCGCTCC)-3 
 The total volume was completed to 25 µl using sterile distilled water. The 
amplification protocol was carried out as follows using PCR unit II biometra. 
a) Denaturation at 95 ˚C for 5 min. 
b) 45 cycles each consists of the following steps: 
1- Denaturiation at 95 ˚C for 1 min. 
2- Annealing at 36 ˚C for 1 min. 
3- Extension at 72 ˚C for 2 min.   
c) Final extension at 72 ˚C for 5 min. 
Hold at 4 ˚C 7 µl of 6 X tracking buffer (manufactured by Qiagen Kit) was added 
to 25 µl of the amplification product. 
2.2.17.2 Amplification product analysis:  
The amplified DNA for all samples were electrophoressed (15ul)) using 
electrophoresis unit (WIDE mini-sub-cell GT BioRAD) on 1% agaose containing 
ethidium bromide (0.5µg/ml). At 75 constant volt, and determine with 
UVtransilluminator.  
2.2.17.3 Gel analysis: 
 All kinds of gels (protein, isozyme, and DNA) were scanned for band Rf 
using gel documentation system (AAB Advanced American Biotechnology 1166 
E. Valencia Dr. Unit 6 C, Fullerton CA 92631). The different M.W. of bands was 
determined against DNA marker promega G 210 A by un weighted pair-group 






2.2.18: Serological tests: 
2.2.18.1.1: Preparation of hyperimmune serum: 
Ten rabbits were selected for the preparation of hyperimmunserum. A 
whole killed spore-crystal suspension was used for immunization. 
The rabbits were divided into three groups, three rabbits for each strain. The tenth 
was left as a control. 
A daily dose of the antigen was administered intravenously in the ear vein of each 
rabbit as follows: 0.5ml, 1ml, 1.5ml, 2ml and 2.5ml. 
The animals were prof-bled 10 days after the last immunization dose.Titers 
of 1:640 or higher were determined by slide agglutination and gel diffusion test. 
 Then a booster dose of 2.5ml was given, to all animals. Blood was then 
collected six days after the booster dose.Serum was then separated by 
centrifugation at 4000rpm for 20mins. Antisera were then concentrated using 
polyethylene glycol MW 6000(PEG).The dialysis tubes were then immersed in a 
beaker containing concentrated solution of (PEG) MW 6000 for two hours at 4°C. 
The dialysis tube were then removed, washed with distilled water and then their 
contents were squeezed in a clean sterile vials and kept at -20°C until used. 
Then Biuret test was done to calculate the amount of protein /ml in the serum (i.e) 
mg/ml dialysised serum. 
Fluorescine was weighed in 0.1mg and dissolved in small amount of 1ml of 
bicarbonate buffer at high pH. 
2.2.18.1.2: Preparation of globulin: 
Globulin fractions of antiserum were prepared as described on 




Equal volumes of antiserum and saturated ammonium sulfate were chilled 
separately in universal containers until ice crystals start to form in the antiserum, 
and then mixed by pouring the ammonium sulfate (all at once) into the antiserum. 
The mixture was then shaken well and left for 2hr. at 4°C. 
The precipitate globulin was separated from the supernatant albumin by 
centrifugation at 3000g in a refrigerated centrifuge at 4°C. 
The supernatant was removed and precipitate dissolved in a small volume 
of distilled water, to dissolve the globulin completely. The globulin solutions 
were then dialysed overnight against 0.85% NaCl at4°C to remove the ammonium 
sulfate. 
2.2.18.1.3: Agar gel diffusion test: 
This test was prepared after the method described by (Beard, 1970). 
2.2.18.1.3.1: Preparation of agar gel: 
 A weight of 1 gram of agarose and 0.8 gram of sodium chloride (NaCl) 
were added to 100ml of deionized distilled water in flask. The mixture was then 
boiled in microwave for 2min. until it become clear. A volume of 0.5ml phenol 
was added as preservative. The gel was distributed in 20ml amounts in plates and 
after solidification at room temperature on a leveling table, the plates were kept in 
the refrigerator at 4°C until used. 
2.2.18.1.3.2: Test procedure: 
A rosette of six peripheral well and central well were cut in the agar with 
template and agar plugs were removed with a Pasteur pipette. The central well 
was filled with 50µl whole cell lysate using micropipette. Antigen was mixed 
with 1% sodium dodecyle sulphate (SDS), while the peripheral wells were filled 




room temperature in humid chamber and examined daily for development of 
precipitation lines. 
Positive plates were washed with three changes of N.S, dried at 56°C for 3days, 
stained with Commassie blue for better visualization and pictured.  
2.2.18.2: Brush Border Membrane Vesicle preparation: 
Anopheles arabiensis BBMV were prepared from the mid-gut of 3rd instar 
larvae using a magnissium precipitation and differential centrifugation method as 
described by (Wolfersberger et al., 1987). 
Gut contents including peritrophic membranes were removed and guts were 
washed in buffer A (300mM D- sorbitol, 5mM EGTA, 17mM Tris /HCL,pH 7.5). 
Midguts were suspended in buffer A at 10% (W/V). Approximately 4.5g midgut 
tissue was produced from 110 mosquito larvae. Midguts suspensions were 
combined with equal volumes of 24mM MgCl2 and incubated for 15 min on ice. 
Midguts suspensions were homogenized using a 10ml glass tube and Teflon 
pestle. 
Volumes of 5ml were homogenized with nine strokes of the pestle while 
spinning at 3000rpm. Homogenates were centrifuged and 2500g for 15min at  
4 ˚C. Supernatants were collected and centrifuged at 30.000g for 30min. at 4˚C.  
BBMV pellets were resuspended in buffer B (150mM D-sorbitol, 2.5mM EGTA, 
8.5mM Tris/HCL, 12mM MgCl2, pH 7.5). 
BBMV pellets were resuspended with one stroke of the pestle while 
spinning at 3000rpm. The suspension volume was diluted in buffer B to a total 
protein concentration of 400ng µL-1. 
Suspended BBMVs were aliquoted into Eppendorf tubes, frozen in liquid 





2.2.18.3: Conjugation of globulin with Fluorescin Isothiocyanate: 
Globulin fractions were labeled with fluorescin isothiocyanate as follows:     
The prepared globulin fraction was diluted to 10mg of protein per ml. with 0.5M 
carbonate-bi carbonate buffer pH 9.2 (made up fresh before use) the final mixture 
contains 10% buffer. The solution was chilled to 4°C and 0.05 mg of fluorescien 
isothiocyanate was added. The mixture was stirred with a magnetic stirrer for 18 
hrs. and kept at 4°C.  At high pH FITC bind immunoglobulin fraction (none 
covalently) Following conjugation excess fluorescien was dialysed away against 
phosphate buffer saline pH 7.6 at 4°C for several days. The buffer was changed 
frequently until the dialysate contained no further dye. 
The conjugate was finally centrifuged for 45min. at 3000g at 4°C to remove any 
precipitated denatured protein.  The conjugate was stored at 4°C with addition of 
merthiolate as a preservative to a final concentration of 1:10.000. The conjugate 
refrigerated at 4°C for immediate use and frozen at -60 °C in 1ml samples for 
storage. 
2.2.18.4: Preparation of smears: 
Infected mosquito larvae mid-gut with Bacillus spore-crystal suspension, 
was dissected centrifuged at 3000rpm in 4°C for 20min. 
Sediments were resuspended in PBS pH 7.6, and their turbidity was adjusted to 
that of McFarland no.1tube. 
Smears were then made, allowed to air dry, and fixed either by gentle heat 






2.2.18.5: Direct fluorescent antibody staining: 
        The direct staining technique consisted of covering the smears with immune 
conjugate and allowing them to stand 30 min. at room temperature in a moist 
atmosphere. 
        The smears were washed. The conjugate was then drained off and the slides 
were rinsed briefly with agitation in a bath of phosphate buffer saline pH7.6 and 
put in a bath of fresh PBS for 10 min, after which they were dipped in a bath of 
D.W and allowed to drain dry. A cover glass was mounted on each slide with 
buffer glycerol pH9.0 and smears were examined for fluorescing binding. 
2.2.18.6: Indirect immunofluorescence: 
2.2.18.6.1: Equipment: 
Plastic pasteure, pipettes filler e.g. pipetboy,10ml and 1ml pipettes, variable 
pipettes e.g fine pipette, plugged pipette tips, multi-well glass microscope slides, 
plain glass slides, 2ml test tubes, black plastic staining jars, safety cabinet. 
2.2.18.6.2: Procedure: 
The spore –crystal suspension was transfered to a test tube and centrifuged 
at2000 rpm for 5mins. on a bench- top centrifuge. 
The supernatant was removed and discarded and resuspend the pellet in 
approximately 750µL PBS by gently pipetting up and down with a pastette, 
ensuring that the minimum of bubbles are generated. 
 A drop was placed over a plain glass slide and checked under the 
microscope that the spore density is adequate and that there were no clumps. If 
the spores were too sparse, then re-centrifuge and suspend in a smaller volume. If 
the spores were too dense more PBS was added and checked again. If there were 




When the spores' density was satisfactory add a drop from a pasteure to tree 
wells of a multi well slide. The slides were labeled with pencil and kept in the 
cabinet to dry. 
Whilst the slides were drying, the fixative was prepared by adding the 
methanol:acetone mixture to a glass or plastic staining jar and placing it at -20°C. 
When the slides were dry, fixed at -20°C for 20 mins. 
The slides were removed from fixative and the solvent was discarded. 
The slides allowed to air dry. At this point- the slides can be stored at 4°C for 2-
3days or -2°0C for up to 6months before staining. 
The slides were removed from storage and allowed to equilibrate at room 
temperature. 
The monoclonal antibodies were diluted in PBS so that they were each at a 
final dilution of 1:50. 
10µL were added to the first well on each slide, including the uninfected 
cells and the positive control slide. 10µLPBS was added to the second and third 
wells. It was placed in a moist box at 37°C for 20minutes. 
The antibody was washed off the slides by directing a stream of PBS over 
the wells. Then it was placed in a staining jar and filled with PBS. 
And washed on a flat-bed rotating shaker for 2X10mins; changing the PBS 
after the first 10mins. 
Rinsed with DW using a wash bottle.The slides were allowed to air dry. 
The FITC was diluted 1/60 in a 1:200 dilution of Evans Blue in PBS. 




It was incubated in a moist box at 37C for 20mins. 
The slides were washed on a shaker for 2X5mins. changing the PBS. 
The slides were allowed drying. 
Fluorescence was read using Glycerol buffer pH9.0. 
2.2.18.7: Interpretation of test results: 
The intensity fluorescence was scord as follows: 
a: ++++ maximal fluorescence bright green apple fluorescence. 
b: +++ less bright apple green fluorescence. 
c: ++   distinct but faint apple green fluorescence. 
d: +      very faint apple green fluorescence. 
a) Negative results test: if the infected cells present fluorescence below 1+ and 
have reddish-orange staining.  
b) Positive result test: sample positive for anti infected mid-gut IGg antibodies. If 
a fluorescence pattern containing clearly distinct nuclear inclusion with intensity 
of 1+ or greater is found in 5 or more cell per field, the remaining cells having a 
reddish-orange staining. 
2.2.19: Experimental toxicity on rats: 
The aim of this experiment was to confirm the pathogenicity (toxicity) of the 
Bacillus spores on rats. 
 Rats were divided into four groups: 
Group A was composed of four rats which were left untreated as control. 




Group C was composed of four rats which were given an oral dose 0.5ml/88g. 
Group D was composed of four rats which were given an oral dose0.3ml/103g. 
The animals were kept for at least four weeks under clinical observation. 
2.2.19.1: Pathological methods: 
2.2.19.2: Post- mortem examination: 
Post-mortem examination was carried out for animals that died due to infection or 
sacrificed in extremis and by the end of experiment. 
All organs were examined carefully for presence of any pathological changes. 
Samples from lungs, liver, kidney and intestine, were collected and preserved 
in10% neural buffered formalin.Preparation of the tissue for histopathological 
examination was carried out according to the method described by (Durury and 
Wallington 1980). 
2.2.19.3: Microscopic examination of the sections: 
The sections were examined under different powers: 







A total number of 30 intestinal contents of Anopheles mosquito larvae 
collected from insectery and subjected to bacteriological examination. 
Fifty three of the samples produced positive growth for Bacillus species. 
3.1 Cultural characteristics of the isolated Bacillus spp.: 
Microscopic examination of isolates revealed rod-shaped, round or 
squared at the ends, and range in size from 0.5x1.2µm to as large as 2.5x10µm. 
Their arrangement varies considerably through single or diplobacillary 
forms predominate, they may occur single or in chains of a few to many cells 
long in their vegetative form. The endospore in each sporangium is oval, round, 
or kidney-shaped, and depending on the species, the endospores were located 
centrally, sub-terminally, or terminally, and may or maybe swell the 
sporangium. 
Single colonies on agar media were generally two to several millimeters in 
diameter. Some had a finely granular, mealy appearance; others are membranous 
and thrown into wrinkles. 
More than one bacillus species could be isolated from the same sample. 
Colonies were very large, rough and flat, some were small, smooth and 
round. Others were large, spreading raised and rhizoid colonies. 






On blood agar, colonies of Bacillus species produced complete 
haemolysis. Figure3.1 shows some Bacillus species isolated in this work, grown 
on Blood and Nutrient agar plates after 24hrs incubation.  
In broth media a surface scum maybe formed, with or without turbidity, or 


















Fig 3.1a: Cultural characteristic of Bacillus thuringiensis on Blood agar. 
 





3.2 Biochemical properties of Bacillus species isolated: 
Table (3.1) shows the biochemical properties of Bacillus species isolated 
from the mid-gut of Anopheles mosquito larvae. 
On carbohydrate media Ammonium salt sugar (ASS) all Bacillus species 
form acid from fermentation of glucose. Both the catalase test and the oxidase 
reaction were positive. Some Bacilli species gave a positive V.P reaction. Indole 
was produced by Bacillus alvei. Most of Bacillus species were positive for starch 
hydrolysis. 
All Bacillus species were positive for casein hydrolysis except Bacillus 




Table (3.1): Characters and biochemical properties of Bacillus species isolated 
from the gut of Anopheles arabiensis mosquito larvae  
Bacillus spp. 
Test 
1 2 3 4 5 6 7 8 9 10 11 12 
Gram  reaction + + + + + + + + + + + + 
Chains of cells -  - - - - - - - - + + 
Motility + + + + + + + + + + + + 
Spore positional shape Vx vx vx TY  vx Vx vx vx vx vx vx 
Swelling of cell body by spore - - - + + + + + + + - - 
Growth in 10% Nacl - - - - - - - - - - - - 
Carbohydrates             
Acid from Ass*             
Glucose + + + + + - + + + + + + 
Cellobiose - - - - - - - - - + - - 
Galactose + - + - + - - - - - - - 
Mannose + - + - - - - - - - - - 
Meilibiose - -  - - - - - - - - - 
Raffinose + - - - - - - - - + - - 
Salicin - + + - + - - - - + + + 
Xylose + - - - - - - - - - - - 
Arabianose + - + - - - - - - - - - 
Manitole - - + -  + - - - - - - 
Utilization of citrate + + - -  - - - - - + + 
Urease + - + +  - + + + - - - 
Indole - - - - - - - - - + - - 
VP - + - - - - - - - + + + 
Nitrate reduction - + - - - + - - - - + + 
Hydrolysis of:  
Casein - + - + - + + + + + + + 
Gelatin - + - - - + - - - + + + 
Starch + + + -  - - - - + + + 
Egg yolk reaction - + - -  - - - - - + + 
Catalase + + + + - + + + + + + + 
Oxidase + + + + + + + + + + + + 
 
Bacillus lentus: 1, 3,13,14,16 B.cerus:2, 17, 28, 33,36,40,45   B.popilliae:5, 22, 48 B.brevis: 6, 21, 37, 44  





Cont. Table (3.1) 
                            Bacillus spp. 
Test 
13 14 15 16 17 18 19 20 21 22 23 24 
Gram  reaction + + + + + + + + + + + + 
Chains of cells - - + - - - + - - - - - 
Motility + + + + + - + + + + + + 
Swelling of cell body by spore Vx vx vx vx vx vx vx vx vx  vx vx 
Growth in 10% Nacl - - - - - - - + + + + + 
Carbohydrates - - - - - - - - - - - - 
Acid from Ass*             
Glucose + + + + + + + + - + + + 
Cellobiose - - - - - - -  - - - + 
Galactose + + - + - - - - - + - - 
Mannose + + - + - - -  - - - + 
Meilibiose   -  - - - - - - - - 
Raffinose - - - - - - - - - - - - 
Salicin + + + + + - + + - + + + 
Xylose - - - - - - - - - - - - 
Arabianose + + - + - - - - - - - - 
Manitole + + - + - - - - + - - + 
Utilization of citrate - - + - + - + - -  + - 
Urease + + - + - - - - -  - - 
Indole - - - - - - - + - - - - 
VP - - + - + - - + - - + + 
Nitrate reduction - - + - +  + - + - + + 
Hydrolysis of:  
Casein - - + - + - + + + - + + 
Gelatin - - + - - - + + + - + + 
Starch + + + + + - - + - - + - 
Egg yolk reaction - - + - + - - - -  + - 
Catalase + + + + + - + + + - + + 
Oxidase + + + + + + + + + + + + 
 







Cont. Table (3.1) 
                        Bacillus spp. 
Test 
25 26 27 28 29 30 31 32 33 34 35 36 
Gram  reaction + + + + + + + + + + + + 
Chains of cells - - + + + + - - + - - + 
Motility + + + + - - + + + + + + 
Spore positional shape vx vx vtx vx vx vx tyx vx vx ty vx vx 
Swelling of cell body by spore + + - - - - + + - + - - 
Growth in 10% Nacl - - - - - - + - - - - - 
Carbohydrates             
Acid from Ass*             
Glucose + + - + + + + + + + + + 
Cellobiose - + - - - - - - - - - - 
Galactose - + - - - - - - - - - - 
Mannose - + - - - - - - - - + - 
Meilibiose - + - - - - + - - - - - 
Raffinose - + - - - - - - - - - - 
Salicin + + - + - - + + + - - + 
Xylose - + - - - - - - - - - - 
Arabianose - + - - - - - - - - - - 
Manitole - + - - - - - - - - + - 
Utilization of citrate + - - + + + - + + - - + 
Urease - - - - - - - - - + - - 
Indole - - - - - - - - - - - - 
VP + + - + + + - + + - - + 
Nitrate reduction + + - + + + + + + - + + 
Hydrolysis of:  
Casein + + + + + + + + + + + + 
Gelatin + + - + + + + + + - + + 
Starch + + + + + + - + + - + + 
Egg yolk reaction + - - + + + - + + - - + 
Catalase + + + + + + + + + + + + 
Oxidase + + + + + + + + + + + + 
 
B.larvae:19   B.polymyxa:26   B.firmus:35   B.laterosporus:24, 51   B.lentimorbus:18    B.badius:27   B.pantothenticus:31, 38 






Cont. Table (3.1) 
                    Bacillus spp. 
Test 
37 38 39 40 41 42 43 44 45 46 47 48 
Gram  reaction + + + + + + + + + + + + 
Chains of cells - - + + - + + - + + + - 
Motility + + + + + + + + + - + + 
Spore positional shape vx tyx vx vx ty vx Vx vx vx vx vx  
Swelling of cell body by spore + + - - + - - + - - - + 
Growth in 10% Nacl - + - - - - - - - - - - 
Carbohydrates             
Acid from Ass*             
Glucose - + + + + + + - + + + + 
Cellobiose - - - - - + - - - - - - 
Galactose - - - - - + - - - - - + 
Mannose - - - - - - - - - - - - 
Meilibiose - + - - - + - - - - - - 
Raffinose - - + - - - + - - - + - 
Salicin - + - + - + - - + - - + 
Xylose - - - - - + - - - - - - 
Arabianose - - - - - + - - - - - - 
Manitole + - + - - + + + - - + - 
Utilization of citrate - - - + - + - - + + -  
Urease - - - - + + - - - - -  
Indole - - - - - - - - - - - - 
VP - - + + - - + - + + + - 
Nitrate reduction + + + + - - + + + + + - 
Hydrolysis of:  
Casein + + + + + + + + + + + - 
Gelatin + + + + - + + + + + + - 
Starch - - + + - + + - + + + - 
Egg yolk reaction - - + + - - + - + + +  
Catalase + + + + + + + + + + + - 
Oxidase + + + + + + + + + + + + 
 
B.larvae:19   B.polymyxa:26   B.firmus:35   B.laterosporus:24, 51   B.lentimorbus:18    B.badius:27   







Cont. Table (3.1) 
Bacillus spp.
Test 
49 50 51 52 53 
Gram  reaction + + + + + 
Chains of cells   - - + 
Motility + + + + + 
Spore positional shape vtx vtx vx TY vx 
Swelling of cell body by 
spore 
 + + + - 
Growth in 10% Nacl - - - - - 
Carbohydrates      
Acid from Ass*      
Glucose + + + + + 
Cellobiose + + + - - 
Galactose - + - - - 
Mannose + + + - - 
Meilibiose + + - - - 
Raffinose - + - - + 
Salicin - + + - - 
Xylose - - - - - 
Arabianose - + - - - 
Manitole - + + - + 
Utilization of citrate + - - - - 
Urease - - - + - 
Indole - - - - - 
VP + - + - + 
Nitrate reduction + - + - + 
Hydrolysis of:  
Casein - - + + + 
Gelatin + + + - + 
Starch - ND - - + 
Egg yolk reaction - - - - + 
Catalase + + + + + 
Oxidase + + + + + 
 
B.megaterium:42    B.circulans:50    B.coagulans:49   B.thuringiensis:11, 12, 15, 23,25,32,39,43,47,53 





3.3: Physical prosperities: 
3.3.1: Larvicidal activity: 
Data presented in Table (3.2)  and Figure (3.2) shows that Bacillus 
thuringiensis spore did not decrease the larvicidal activity of the bacterium. 
24hrs. after treatment, 80.50 30% larval mortalities were detected for spore 
loading of 108, 107, and 106 spores/ml respectively. 
After 48hrs. of the bioassay all the Anopheles arabiensis larvae were dead. 
3.3.2: Effect of pH treatment: 
Table (3.3) and Figure (3.3) show the effect of different pH’s on the larvicidal 
activity of Bacillus metabolites. The mortality rate of mosquito larvae ranged 
from 20-80% in 24hrs. However the mortality rates were very low 20-30% at 
various pH’s  (4.0, 6.0, 8.0 and 10.0).After 48 and 72hrs, the mortality rate rose 
up to70%, 80 % respectively. 
3.3.3: Effect of temperature: 
Table (3.4) and Figure (3.4) show the effect of higher temperature of 
Bacillus metabolites on mosquito larvae. After  24hrs.  mortality rate was 20-
30%  at 40ºC, 60ºCand 80.No death occurred at 100ºC. After 48hrs. mortality 
rate reached 60,50.40, and20% with 40ºC,60ºC,80ºC and 100ºC respectively. 
The mortality rate increased to 80%, 70% with temperature 40ºC,60ºC, after 








3.3.4 Effect of UV light: 
Table (3.5) and Figure (3.5) shows the effects of the UVlights treatment of  
Bacillus metabolites on Anopheles mosquito larvae. The results and rates of 
mortalities were taken after 24,48 and 72hrs. of treatment. After 24hrs. 40%, 
50%, 30% and 20% mortality rate were recorded. And 70% mortality rate was 
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3.4: Larvicidal activity of the Bacillus species isolated from the mid-gut 
of Anopheles arabiensis mosquito larvae: 
In this study three strains of Bacillus species were choosen to study the 
larvicidal activity against the mosquito larvae. They were Bacillus 
thuringiensis(1), Bacillus thuringiensis(2) and Bacillus sphaericus. 
3.4.1: Larvicidal activity of Bacillus metabolites on mosquito larvae: 
Table (3.6) and Figures (3.6a, b and c), show the toxicity of Bacillus 
metabolites when added at different doses to the larvae of An.arabiensis.  
The potency of the bacterial metabolites was measured in terms of mortality 
percentage of the mosquito larvae after 24, 48, and 72hrs. 
The metabolites of the three Bacillus strains produced 75-100% mortality rate to 
mosquito larvae after 24hrs. In Bacillus thuringiensis (1), 75% mortality rate 
was produced by 3ml, 90% by 4ml, and 100% by 5ml of the Bacillus 
metabolites. Moreover in Bacillus thuringiensis (2), 100% mortality rate was 
produced by 3ml of the Bacillus metabolites. In Bacillus sphaericus 80% 







Table 3.6: Toxicity of the three Bacillus metabolites on An.arabiensis mosquito 














B.thuringiensis(1) 1 No death 0% 3 died 15% 7 died 35% 
2 9 died    11 
alive 
45% 14died 6 
alive  
70% 20died 100% 
3 15  died  
5alive 
75% 20died 100%   
4 18  died   2 
alive 
90% 20died 100%   
5 20died 100%     
B.thuringiensis(2) 1 No death 0% 6 died 
14alive 
30% 8 died 40% 
2 15 died  
5alive 
75% 4died  1alive   95% 20died 100% 
3 20died 100%     
4 20died 100%     
5  20died 100%     
B. sphaecius 1 No death 0% 2 died 
18alive 
10% 5 died 25% 
2 10 died  
10alive 
50% 15died  
5alive 
75% 20died 100% 
3 16 died  
4alive 
80% 20died 100%   
4 17died     
3alive 
85% 20died 100%   
5 20died 100%     





Fig 3.6a: Mortality rates among Anopheles arabiensis mosquito larvae after 
treatment with Bacillus metabolites for24hrs. 
 
 
Fig 3.6b:  Mortality rates among Anopheles arabiensis mosquito larvae after 
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Fig 3.6c: Mortality rates among Anopheles arabiensis mosquito larvae after 
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3.4.2 Larvicidal activity of Bacillus spore-crystal mixture on mosquito 
larvae: 
Table (3.7) and Figures (3.7 a, b and c) show the effects of the Bacillus 
spore-crystal mixture when added in different doses to the mosquito larvae. 
The spore-crystal mixture of Bacillus species produced 80-90 and 100% 
mortality rates to An.arabiensis mosquito larvae. After 12 hrs. the spore-mixture 
of Bacillus species produced 100% mortality rate to mosquito larvae by 100,150 
and 200µ.l. Moreover, in Bacillus thuringiensis (1) 80% was produced by 50µl, 
90% was produced by 100µl and 100% was produced by 150µl. However, in 
Bacillus thuringiensis (2), 90% mortality rate was produced by 50 µl,100% was 
produced by 100 µl.  In contrast, in Bacillus sphaericus 80% mortality rate was 




Table 3.7: Toxicity of the Bacillus spores of three Bacillus strains on 
An.arabiensis mosquito larvae after 12 and 24hrs. 
 
  Isolate Doses Results 12hrs % Results 
24hrs 
% 
B.thuringiensis(1) 50 µl 8 die  3alive 80% 2 die 100% 
100 µl 9 die 1alive 90% 1 die 100% 
150µl 10 die 100%   
200 µl 10 die 100%   
B.thuringiensis(2) 50 µl 9 die 1alive 90% 1die 100% 
100 µl 10 die 100%   
150 µl 10 die 100%   
200 µl 10 die 100%   
 
B.sphaericus 
50 µl 8 die  2alive 80% 2 die 100% 
100 µl 10 die 100%   
150 µl 10 die 100%   
200 µl 10 die 100%   





Fig 3.7a:  Effect of the three Bacillus spp. spores on the mortality rate of 




Fig 3.7b: Effect of the three Bacillus spp. spores on thd mortality rate of 











































































































gure 3.9:  Peaks of Amino acid
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Fig 3.11: Peaks of Amino acid 
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3.6 Separation of spore and crystal: 
Spore suspensions containing crystals and spores, they were obtained 
from cultures of Bacillus thurinigensis by extraction with a two-phase 
system by using separator funnel.  
Free spores were obtained without crystal. Oval spores were easily 




Fig: 3.12 Separation of spores and crystals using separator funnel using two-
phase system,containing 13.5g of solid poly ethylene glycol 6000 and 105g of 










Fig3.14: The upper phase contained most of spores,The lower phase contained 







3.7 Sodium dodecyl Sulphate Polyacrylamide Gel Electrophoresis 
SDS-PAGE Analysis: 
The 12.5% SDS-PAGE profile for Bacillus metabolites consisted of five 
different profiles which were detected as shown in Figure(3.12), Lanes 1, 
2, 3, 4, 5, and 6. Lanes 1, 2, 3, and 6 have two bands the first one was thick 
band 120 kDa the second was 90 kDa. Lane 4 has two sharp bands of 220 
and 160 kDa. Lane 5 has two bands, 120 kDa but it’s not clear as Lanes 1, 
2, 3, and 6. And another one was 40 kDa. 
The 12.5% SDS-PAGE profile for Bacillus whole culture showed three 
distinctive proteins bands, the molecular weight of proteins were 120, 90 
and 15 kDa. As shown in Figure (3.13). 
The protein profile of the Bacillus spores was studied by SDS-PAGE. Six 
different profiles were detected in these samples. Figure (3.14), Lanes 14, 
15, 16, and 17) Lane 14 has four clear bands 160 kDa, another two thick 
separated bands, representing proteins between 120 to 90 kDa. In the 
middle of the gel appeared clear band representing protein of 60 kDa. Both 
Lanes 15 and 17 have four clear bands, they have molecular weight of 120, 
60, 40 and 10 kDa. Lane 16 has a very clear band of 120 kDa. 
The 12.5% of SDS-PAGE of mid-gut of infected mosquito by Bacillus 
toxins revealed four different proteins profile; they were 120, 90, 50 and 40 
kDa. As presented in Figure (3.15). 
Protein profile of healthy mid-gut of mosquito larvae were detected as 




















































































Fig 3.17 Bacillus spores protein profile in SDS-PAGE. 
Lane:14 Bacillus thuringiensis (1) 
Lane:15 Bacillus thuringiensis (2) 
Lane:16 Bacillus sphaericus 
Lane:17: Bacillus thuringiensis (2) 







Fig.3.18 Infected mid-gut by Bacillus toxins in SDS-PAGE 
Lane18: Infected mid-gut by Bacillus thuringiensis (1) 
Lane19: Infected mid-gut by Bacillus thuringiensis (2) 
Lane20: Infected mid-gut by Bacillus sphaericus 
Lane21: Infected mid-gut by Bacillus thuringiensis (1) 
Lane22: Infected mid-gut by Bacillus thuringiensis (2) 
Lane23: Infected mid-gut by Bacillus sphaericus 








3.8.1 RAPD-PCR amplification pattern: 
Three isolates of Bacillus species had identical RAPD-PCR patterns with 
the primer. 
A clear band was about 643bp, other bands 460bp, 373bp, 291bp were 
shown in Figure 3.16.    
Figure (3.17) shows the degree of similarity between three samples, for example 
isolates Bacillus thuringiensis(1) and  Bacillus thuringiensis (2) the similarity is 
90%, and isolates Bacillus thuringiensis (1), Bacillus thuringiensis (2) and 







Fig3.19: Ethidium bromide stained agarose gel of RAPD-PCR profiles of 
Bacillus spp. 

































3.9 Serological Tests 
3.9.1 Agar gel diffusion test: 
Rabbit anti spore crystal mixture sera were tested. Strong precipitation 
lines were obtained as descri in Figure (3.21). 
 
 
Fig3.21: precipitation pattern  
Central wells contain the antibodies of three Bacillus spp. 
Well no.1 Bacillus thuringiensis (1) 
Well no.2 Bacillus thuringiensis (2) 





3.9.2 Immunofluorescent antibody test: 
The results of immunofluorescent technique were highly diagnostic for 
sites for reception of the toxin in the mosquito larvae mid-gut when it was 
stained with its homologous antiserum; it fluoresced brightly. Smears made from 
brush border vesicle membrane of mid-gut of Anopheles mosquito larvae 
infected with Bacillus spores and stained with homologous antiserum showed 
positive results. 
The positive result obtained with the IFA test is indicated by the presence 
of cells exhibited bright apple green fluorescence in the nucleus. 
 Both direct and indirect immunofluorescent technique gave positive reaction. 










Fig3.22: Detection of Bacillus spp. in the mid-gut of Anopheles mosquito 




Fig 3.23: Detection of Bacillus spp. in the mid-gut of Anopheles mosquito 




3.10 Toxicity of spore-crystal on rats: 
3.10.1 Effects of the Bacillus spore toxins on rats: 
The effects of the oral administration of Bacillus spore –crystal toxins on 
rats are shown in Table 3.12. 





Dose/ml Period Result 
Group A(control)     
Rat1 Orally N.S 1week Normal 
Rat2 // N.S 2weeks Normal 
Rat3 // N.S 3weeks Normal 
Rat4 // N.S 4weeks Normal  
GroupB     
Rat1 // 0.6 1week Normal 
Rat2 // 0.6 2weeks Normal 
Rat3 // 0.6 3weeks Normal  
Rat4 // 0.6 4weeks Normal 
GroupC     
Rat1 // 0.5 1weeks Normal 
Rat2 // 0.5 2weeks Normal 
Rat3 // 0.5 3weeks Normal 
Rat4 // 0.5 4weeks Normal 
GroupD     
Rat1 // 0.3 1week Normal 
Rat2 // 0.3 2weeks Normal 
Rat3 // 0.3 3weeks Normal 





3.10.2 Clinical observations: 
All rats in group B, C, and D infected with Bacillus spore toxins appeared 
normal. The uninfected group (control) A was apparently clinically healthy. 
3.10.3 : Post-mortem finding: 
No gross pathology seen. 
3.10.4 Histopathological finding: 
Control group: 
Liver section showed a focal area of parenchymal damage infiltrated by 
mononuclear cells. Figure (24.) 
Intestinal sections revealed slight hypercellularity and active goblet cells Figure 
(25) 
In animals killed one week post-treatment, kidney sections showed congestion of 
blood vessels and glomerular tufts Figure (26) 
Liver showed slight sinusoidal dilatation Figure (27). 
 Intestines showed elongated villi and prominent goblet cells Figure (28). 
In animals sacrificed two weeks after treatment, kidney sections (similar to the 
previous group) showed congestion of blood vessels and tuft capillariles. 
Intestines had rather cellular lamina propria and active goblet cells. 
In animals killed three weeks post-treatment, kidney sections showed similar 
features as the previous group. In addition, pinkish staining casts were seen in 





Figure (24.) Liver: One area of parenchyma damage showing mononuclear cell infiltration. 
HE X 250 
 







Figure (26.) Kidney:Higher magnification 
.HE X250 
 





Figure (28) Intestine:Elongated villi with prominent goblet cells. 
 HE X 100  
 
Figure (29) Kidney:Some renal tubules showing renal casts. 






Many bacteria have been found in a number of species of mosquitoes, but 
a few species are said to be true pathogens and to cause host death. Many 
different Bacillus species have been isolated from dead insect, they were: 
Bacillus thuringiensis, B.larvae, B.sphaericus, B.popilliae and B.lentimorbus. 
Although Bacillus thuringiensis, B.larvae , B.sphaericus ,B.popilliae and 
B.lentimorbus were isolated from the dead insect  and classified as insect 
pathogens (Burges,1981 and Sneath et al.,1986) many other species of Bacillus 
were isolated in this study, these bacilli were: Bacillus lentus ,B.cereus, 
B.polymyxa, B.firmus, B.megaterium, B.circulans, B.laterosporus, B.brevis, 
B.badius, B.pantothenticus,B.coagulans,and  B.mycoides. 
Our results substantiate those finding by Singer (1973, 1975) who reported 
the same results. He isolated B.sphaericus, B.alvei, B.brevis and B.circulans from 
the midgut of Anopheles mosquito larvae when he tested these bacilli against 
mosquito larvae; they proved to have larvicidal activity. Also, these results are 
very similar to the results obtained by (Balaraman et al., 1979), they isolated 
B.alvei, B.brevis and B.coagulans from the mid-gut of mosquito and found highly 
effective in controlling of mosquitoes. 
Recently, a new bacterium was isolated from the mid-gut of mosquito 
larvae and named as Janibacter anopheles sp.nov by (Kmpfer et al., 2006). No 
similar bacteria could be isolated in our study. 
It is clear that more than one Bacillus species can be isolated from one 
sample. This indicates that the requirements for growth for different species are 




The relationship between organisms, their interaction with each other and 
the environment still needs more understanding, although it has been the subject 
of study for decades. 
Anopheles arabiensis were successfully reared under standard insectary 
conditions at 28ºC, 80% humidity. Because of the high humidity and moistened 
environment, fungal sporulation can be occurred. Mosquito survival was 
determined daily. Any cadavers found were removed each day.Cleaning the 
insectary was necessary to elimination fungal growth and to maintenance of 
mosquito’s colonies.  
This study demonstrated the physical properities of Bacillus spore/crystal 
complex to pH change, UV irradiation and temperature effect. Also, larvicidal 
activity was followed against Anopheles arabeinsis mosquito larvae in the 
laboratory. Moreover, in the present work, the acidic and alkaline conditions did 
not affect the larvicidal activity against Anopheles mosquito larvae. This is in 
agreement with the work of (Nugud, 1982) who measured the effects of pH on 
the crystal of Bacillus thuringiensis. Efficacy, by larval mortality under three pH 
conditions 6.1, 7.4, and 8.5. High levels of mortalities were obtained at pH7.4. 
Bacillus metabolites were inactive after 12 hrs. of UV exposure. This 
observation agrees with the results of (Elin, 1995) who confirmed that the 
Bacillus formulation degraded after they were exposed to 12 hrs UV light, by 
decreasing in the mortality rate against mosquito larvae. 
On the other hand, (Goldberg and Margalit 1977) showed that 
B.thuringiensis was active against mosquito larvae belonging to several genera, 
they also discussed the tolerance of B.thuringiensis preparartion to high 




Toxicity of the Bacillus metabolites of the three tested strains of Bacillus 
spp. showed that 75-100% mortality rate in the Anopheles arabiensis mosquito 
larvae.75% mortality rate was produced by 3ml of B.thuringiensis (1) and 90% 
by 4ml and 100% by 5ml. while this is so, the metabolites of B.thuringiensis (2) 
100% mortality rate was produced by 3ml against mosquito larvae. The doses of 
B.sphaericus 80% mortality rate were produced by 3ml, 85% by 4ml and 100% 
by 5ml of the Bacillus metabolites. 
After adding the Bacillus spore-crystal mixture to the An.arabiensis larvae, 
100% mortality rate was produced by 150µl of B.thuringiensis(1), 100 µl of  both 
B.thuringiensis (2) and B.sphaericus.80% mortality rate was produced with the 
doses 50 µl of both B.thuringiensis and B.sphaericus. The present investigation 
indicates that high quality of Bacillus toxins in controlling mosquitoes. 
The spore suspension was subjected to Amino acid analysis. The data of 
analysis seemed to be similar, but not identical to all Bacillus strains. There were 
differences in the Amino acid analyses,eg. In their contents of cystein, 
phenylalanine and histidine. These can be attributed to contamination of the spore 
extract with other material, possibly from the exosporium. The spore extract may 
contain crystal that may contain different proportions of the share componants. 
Considerable evidence has accumulated (Somerville, Delfield and Rittenberg 
1968; Somerville and Pockett 1974, and Scherrer and Somerville 1976) reached 
the same conclusion. 
The failure of recovery of the crystals for Bacillus spores is presumably 
due to the several washing of the purified suspension. Our results disagree with 
(Delafield et al., 1968) who succeeded in separating the crystal from the spore 
but they found that the final spore preparation contained about 0.3% crystal and 




In this study, pure spores were processed aseptically to extract DNA 
template for RAPD-PCR. All parameters that can influence the efficacy of PCR 
were considered during optimization of the procedures. Special consideration was 
focused to optimize final Mgcl2 concentration in the reaction mixture as it is of 
prime importance for the activity of the Tag polymerase. 
Of the total amplified products, maximum number of the product size 
ranged from 291bp, 410bp.643bp and 836bp. similar band patterns suggested that 
the strains were closely related to each other. This finding is similar to the finding 
to (Gyan et al., 2007) who produced identical profiles of amplified DNA of 
Bacillus thuringiensis. On the other hand, (Sarkar et al., 2002), exploited the 
RAPD- PCR fingerprinting analysis and showed a high level of diversity of 
Bacillus spp. and related genera. Reacently, (Rai et al., 2009) observed similar 
finding. 
In our opinion researchers are apprehensive about using RAPD analysis for 
subtyping because of problems with poor reproducibility and sensitivity to 
reaction conditions. However, systematic optimization of the reaction conditions, 
which may be aided by the use of commercially available reaction buffer 
optimization kits, and careful choice of primer can result in highly discriminatory 
and reproducible RAPD analysis of Bacillus thuringiensis. 
Preparation of the brush border vesicle membrane (BBVM) was very hard and 
takes long time. Five hundred healthy mosquito larvae were dissected under 
dissecting microscope to obtain the mid-gut of larvae for BBVM preparations. 
Mean while two hundred infected mosquito larvae were subjected for the same 
purpose. 
In Ouchterlony double diffusion test, spores reacted with antisera which had been 
prepared against spores. A homologous precipitin band was clearly evident. As 




precipitate line to form. This reveals the identity of the antigen shared epitops 
recognized by antibody. Such results are in agreement with (Delafield et al., 
1968) who found lines of identity between spore and crystal precipitates which 
were observed by using the Ouchterlony double diffusion technique.  
Safety of the Bacillus toxin was confirmed by toxicity on rats. 
In this study, toxicity was done to evaluating the severity of Bacillus toxin 
on rats. The results have generally shown, that no significant adverse effects were 
observed clinically.  All animals inoculated with different doses of the toxin did 
not show any significant changes either microscopically or histopathologically. 
Also, these observations are in accordance with the results of   (Nadia, 2006) who 
concluded that Bacillus toxin was safe on goats, rabbits and mice when 
administrated orally. Our work substantiated the work of (Drobniewski, 1994) 
who stated that no ill effect on rats when they fed 2X1012 spore/Kg. (Siegal and 
Shadduck 1990) reported the safety for mammalian toxicity of B.thuringiensis to 
mice, rats and rabbits. 
Garcia and Des rochers (1979) found that Bacillus thuringiensis produced 
100%mortality rate at high dosages (105-106bacilli/ml) in laboratory studies 
against various mosquito species. Contrary to this, (Rishikesh et al., 1983) found 
the dosages of Bacillus thuringiensis with 3.4X108 bacilli have no effect on Rat 
when administered orally. 
However, the δ-endotoxin was not toxic when administered per oz and as 
mammalian gut is not alkaline; the toxin is not activated.The δ-endo-toxin is only 
solubilised under alkaline conditions, such as insect mid-gut (Siegal and 
Shadduck, 1990 and Rani et al., 1996). Thus we realize that the use of 
B.thuringiensis toxins for control of mosquitoes and other insect should pose no 
adverse risk to mammalians including man. The rate of conjugation between the 




Maintaining a constant pH is one of the most important factors in obtaining 
reproducible results. 
Tagging of the antisera with fluorescence seemed easy but practically it is 
a very hard job. This is mainly because of difficulty of dialysis. Although 
labelling through a dialysis membrane was of little help in eliminating non 
specific staining, yet it was difficult. 
Incubation period for conjugation of antisera with fluorescence took about 
15 days. With the buffer being changed twice /daily until the dialysate contained 
no further dye. After smears staining, the slide was read immediately, continuous 
exposure to light will cause the FITC conjugated antibody to gradually lose its 
fluorescence. Fluorescence microscopy depends on the ability of certain dyes 
reradiate visible light when illuminated by ultra-violet. 
 The main aim of this study was carried out to locate the sites of receptors 
on the infected mid-gut of mosquito larvae, which was detected successfully by 
direct and indirect Immunofluorescence. Fluorescence was more intense when it 
was stained with antibodies raised against infected mid-gut. 
Such results simulated those of (Du and Nickeroson 1996) they indicated 
that FITC labelled antibody able to bind specific receptors in the BBMVs of 
Mandusa sexta insect, which was monitored by fluorescent microscope. 
The safety of both Bacillus thuringiensis and B.sphaericus for various 
mammals has been demonstrated, and it has been concluded that the larvicidal 
bacilli are highly unlikely to be hazardous to humans. 
Besides all the above cited, we believe that three factors are contributing to 
the potency of B. thuringiensis toxins: the origin of the toxin (strain), the ability 




insect to the toxin. Therefore, an optimal relationship between the insect and the 
toxin is required for greater efficacy. 
For this humble work to be completed, further work is warranted to isolae and 
identifiy more species of genus Bacillus which are effective against larvae of the 




















Although this work was very tedious laborious and time consuming, it 
seems essential to conduct further studies in the following areas: 
Toxins producing genes of Bacillus thuringiensis and B.sphaericus can be 
cloned and expressed in diverse foreign cells, including recombinant high- 
toxicity strains of bacilli. The results suggest that expansion of insecticidal host 
range while maintaining toxicity is possible. 
Further understanding on the mode of action, on the receptor identification 
for other mosquito species and on the putative intracellular activity of 
B.sphaericus toxin, may give good tools to identify other mechanisms of 
resistance. 
Intensive studies should be done to find out receptors site of the Bacillus 
toxin on the mammalians intestine. 
More research work could be done to explore the characterization of the 
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